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INTRODUCTION



0DUCTION

Background

- In September of 1982 a Federal outer continental shelf oil and gas lease

sale is scheduled for the northern Bering Sea-Norton Sdund region. A

State lease sale previously scheduled for late - 1981 is currently being

coordinated to occur simultaneously with the Federal sale, with a second

State sale subsequently planned for 1983. Because of the magnitude of
these sales and the fact that fish and wildlife resources in the northern
Bering Sea-Norton Sound region are of considerable economic and social
importance to the State of Alaska; the Department of Fish and Game has
conducted an analysis of potential effects arising from oil and gas

related activities and their impacts on fish and wildlife resources. It

has been shown that, in addition to o0il pollution, fish and wildlife
résources can be impacted by drilling muds and cuttings; noise and
disturbance; dredging and filling, gravel mining, and gravel islands;
shoreline alteration; formation waters; cooling waters and water withdrawal;

secondary development; harvest interference; and air pollution.

It is also apparent that the current level of know]edge regarding abundance
and distribution of fish and wildlife resources in areas where such

impacts are likely to occur is not sufficiently detailed to be used
effectively as a means of protecting these resources. The Alaska Department
of Fish and Game has concluded that if a major oil field were discovered,
development might occur so rapidly and ‘on such a large scale, that the
Department would not have sufficient time or resources to deal with all

of the activities through the normal project by project permit review



process. The only effective means of mitigating potential impacts
appears to be to anticipate potential problems and provide industry
planners and resource managers with comprehensive information on project
design and siting criteria before extensive planning or any significant
amount of construction occurs. The early availability of this type of
information should, moreover, greatly simplify and expedite the process
of siting and designing faéi]ities whi]e}minimizing the impacts on fish

and wildlife resources.

In requesting a section 308(d) Coastal Energy Impact Grant from the
Department of Community and Regional Affairs, the Department of Fish and

Game chose Norton Sound and the northern Bering Sea as a region warranting
study for a variety of reasons. First, there are no immediate insurmountable
hazards associated with drilling in this region. Unlike other offshore

areas such as the Beaufort and Chukchi seas, or Navarin and St. George
basins, problems associated with shifting multi-year pack ice, or excessively
deep water depths are expected to be minimized. Second, this region

supports an abundant number and diverse array of species. Areas such as

the Yukon Delta, the Bering Strait, St. Lawrence Island and the wetlands
encircling the perimeter of Norton Sound are critically important toward
maintaining the continued viability of an immense number of animals.

Third, subsistence values are extremely high in this region. Historic

and present day subsistence utilization patterns attest to the fact that

the majority of people in this region are socially and economically

dependeﬁt on recurrent harvests of fish and wildlife resources. Beyond

being just a source of food, these resources provide the basis for an



entire lifestyle which revolves around the seasonal appearance of harvestable
species. Finally, very 1little infra-structure is availéb]e with which

to absorb the full developmental impacts of a moderate to high find oil

and gas discovery. Components of secondary development éuch as deep

water port facilities, treatment plants, roads, and transmission corridors,
all have the potential to disrupt fish and wildlife populations or

harvest activities, either during their initial construction or in their

eventual operation.

The object of thé Department's Coastal Energy Impact Study is to 1)
develop a comprehensive inventory of fish, wildlife, and aquatic plant
resources in the coastal and offshore marine waters of the northern
Bering Sea-Norton Sound region, 2) assess and quantify the effects of
major activities associated with oil and gas development on fish and
wildlife populations, and 3) develop guidelines and. recommendations for
preventing, reducing, or ameliorating fish, wildlife, aquatic plant, and
habitat losses due to hydrocarbon exploration, development and production.
In this respect, the Department's northern Bering Sea-Norton Sound
Coastal Energy Impact study is specifically designed to accomplish two
goals: 1) minimize the impacts of offshore energy development and
related onshore activities on subsistence, commercial and re;reétiona]
fish and wildlife resources, and 2) expedite the processing of permits
for activities associated with oil and gas development in order to allow

development to proceed at the most rapid pace and lowest economic cost

. commensurate with 1).



By providing industry planners with information on critical or sensitive
fish and wildlife habitats, and the most effective means of mitigating
impacts early in the exploration phase, subsequent activities may be
planned and facilities located in order to avoid conflicts with renewable
resources, which could result in extended permitting or legal delays.
Simultaneously, renewable resource managers and permitting agencies will
be provided with accurate information on 1) the abundance and distribution
of important fish and wildlife resources; 2) the impacts of various
activities; and 3) the most effective means of mitigating impacts of
activities associated with 0il and gas development. This information
should enable the permitter to expeditiously determine the effects of an
activity on fish and wildlife resources, thereby allowing him to provide
effective protection to these resources while minimizing the required

.time to issue a permit.

This study was conducted in three phases: 1) all of the available
information on fish and wildlife abundance, distribution, and life
history was collected and depicted graphically on maps and, where necessary,
supplemented with a narrative description; 2) the effects of the major
activities associated with oil and gas development on fish and wildlife
resources were identified and assessed through extensive literature
research; and 3) mitigatory measures were developed to protect important
fish and wildlife populations from the adverse effects of 0il and gas
related activities. The Department's Coastal Energy Impact Project is
presented in three parts: 1) a narrative impact report; 2) resource
inventory maps of fish, wildlife, and agquatic plants in Norton Sound and

the northern Bering Sea; and 3) impact maps showing the relative sensitivity



of fish and wildlife habitats to oil and gas disturbances. These three

parts are described in more detail below:

1.  The narrative impact report includes: 1) a description of the
study area; 2) a description of the five phases of oil and gas
development; 3) a description of oiT and gas activities leading
to environmental disturbances; 4) a discussion of the sources
and biological effects of disturbances caused by oil and gas
activities; 5) the sensitivities of areas in the northern
Bering Sea-Norton Sound region to disturbances; and 6) recommendationé
for mitigating the adverse developmental impacts on fish,

wildlife, and aquatic plant resources.

2. Eight resource inventory maps accompany this report. Map 1
showé ice conditions during winter periods. Map 2 identifies
winds, ocean currents, and ceastal marine and terrestrial
habitats. Maps 3 through 7 depict the known concentrations of
benthic invertebrates, anadromous and marine fish, marine and
térrestria] mammals, and birds. Map 8 shows major subsistence,
commercial and recreational harvest areas. The inventory maps
represent a synthesis of data from Alaska Department of Fish
and Game field.bio1ogists, regional Native associations, the
Outer Continental Shelf Environmental Assessment Program
(OCSEAP), U.S. Fish and Wildlife studies, the Alaska Department
of Fish and Game Fisheries Atlas, Wildlife and Habitat books,
annual reports, and other resource publications. These maps

were not intended to show general distribution, but rather to



depict where concentrations of fish and wildlife resources are
found fn the northern Bering Sea-Norton Sound region. Population
and harvest estimatés were included when this information was
available. Each map was reviewed by those biologists and

.other resource specialists whb had originally provided the

information depicted.

3. The nine impact maps depict the relative biological sensitivities
of fish and wildlife habitats in the northern Bering Sea-
Norton Sound in relation to the following 0il and gas disturbances:
site preparation; noise and disturbance; drilling muds and
cuttings; o0il pollution; dredging and filling, gravel mining,
and gravel islands; shoreline alteration; formation waters;
cooling waters, and water withdrawal; interference with subsistence,
commercial, and sport harvests. Sensitivity designations were
applied by project biologists after reviewing species concentrations
and determining their vulnerability to the above stated impacts.
These designations may be subject to revision should new data

warrant such action.

In all cases, an attempt was made to provide the information in a form
that was readily available and understandable to all potential user
groups. Graphics were used whenever possible to clarify complex ideas

and to reduce the size of the report.

This report is based on the best information and data currently available

concerning distribution of fish and wildlife resources in the northern



Bering Sea-Norton Sound region, the impacts of oil and gas development

on fish and wildlife resources, and the mitigative measures appropriate

for reducing the biological impacts of 0il and gas development. Although
considerable effort was expended in order to produce the most comprehensive

report possible, the scope of this report was limited by:
1. Time - The time allotted for this project was 15 % months.

2. Scale - The size of the study area required information to be
depicted at a scale of 1:500,000 on reduced U.S.G.S. topographic

maps.

3. Available Information - Decisions made in all phases of the
project were based on an existing data base. The Alaska
Department of Fish and Game, to the best of its knowledge and
within the time allowed, has reviewed the available research
data relating to the various phases of the project. A review
of the literature and other available information reveals that
many data gaps exist and.that additional research is needed to
provide a more adequate data base on which to make decisions.
The Department recommends that site specific field research be
conducted in areas designated for specific petroleum facility

sites or activities.
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Location and General Description of the Study Area

Physical Description

The northern Bering Sea-Norton Sound region is situated in northwestern
Alaska and includes those areas'bordered on the eaét by longitude 160°W,
in the west by longitude 174°W, in the north by latitude 66°N, and in

the south by latitude 63°N. For the purposes of this study, terrestrial
boundaries have been delineated to include all watersheds which drain
into Norton Sound proper. The coast of Norton Sound from Cape Prince of
Wales southward consists mainly of narrow beaches with the terrain

rising steeply immediately behind (Selkregg, 1976). The shoreline is
generally smooth with only a few prominent bays such as Port Clarence,
Golovnin Bay, Norton Bay and Pastol Bay; and isolated headlands such as
Capes Denbigh and Darby. Flat coastal lowlands may be found intermittently
scattered throughout this region, occurring at such locations as south

of Cape Denbigh, along the entire eas£ coast of Norton Bay, the coastline
from Cape Nome to Solomon, and the entire Yukon prodelta. Sand and
gravel spits are common, and act as protective barriers for shallow
1agoohs which 1ie adjacent to the coastline. Several isolated isiands
ring the perimeter of Norton Sound; these include Sledge Island, Besboro
Island, Egg Island, and Stuart Island. Major drainage basins in Norton
Sound include the Kuzitrin, Niukluk, Koyuk and Unalakleet rivers. The
Yukon River which lies at the southwestern edge of Norton Sound is the

single most influential source of sediment and freshwater in this region.
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Norton Sound is enclosed to the north and northeast by the Seward Peninsula,
and to the south and southeast by the Yukon-Kuskokwim Coastal Lowlands.

The extensive uplands of the Seward Peninsula consist of broad, convex

hills and flat divides that are 152 to 610 meters (500 to 2,000 feet)

high. These uplands are indented by sharp, V-shaped valleys, isolated
groups of rugged, glaciated mountains 52 to 96 kilometers (20 to 60

miles) long 16 kilometers (10 miles) wide with summits 762 to 1,433

meters (2,500 to 4,700 feet) high, and coastal .Towlands and jnterior

basins.

Major mountain ranges on the Seward Peninsula include the Kigluaik,
Bende]eben, and Darby mountains. Lakes fill several 1arge, shallow

volcanic craters in the northern part of the peninsula and several
depressions between lava flows in the central upland. There are no

glaciers on the Peninsula, and it is underlain by continuous to discontinous

permafrost (Selkregg, 1976).

Along the southern and eastern portions of Norton Sound lies the Yukon-
Kuskokwim Coastal Lowland Section. This is a marshy plain with low
hills of basalt in the vicinity of St. Michael, while the 1owlaqd area

around Shaktoolik is a lake-dotted coastal plain with an isolated range,

_ the Denbigh Hills, at its western end (Selkregg,.1976). Most of the

Yukon Delta is comprised of coastal tundra, with land and water roughly
evéniy divided. There are no trees over most of the Delta. Willows and
alders are the only large woody plants, which become more scarce, and
virtually disappear toward the coast, éiving way to diminutive alpine

willows, sedges and other tundra vegetation (Gusey, 1979).



The marine area of the northern Bering Sea-Norton Sound region is characterized
by the Bering - Chukchi Platform, a smooth submarine plain 30 to 150
meters.(100 to 500 feet) deep, dissected by old stream valleys cut

during the P]eistocehe era when the sea level was lower. Several islands,
St. Lawrence, Big and Little Diomede, King, Sledge, and the Punuk Islands
rise abruptly from the plain. Most of the islands are rolling uplands

up to 305 meters (],COO feet) high bordered by steep, rocky, wave-cut
cliffs. St. Lawrence Island, the largest, is about 161 kilometers (]00
miles) long and 32 kilometers (20 miles) wide. It is chiefly a lake-
dotted bedrock plain of ancient volcanic origin less than 30.5 meters

(100 feet) high. Isolated mountain groups, bordered by old sea cliffs,
rise to altitudes of 305 to 457 meters (1,00Q‘to 1,500 feet) (Selkregg,
1976).

Shallow water conditions characterize most of the study area. The
deepest portion, in the northwest corner, is just over 49 meters (160
feet) and a channel 46 meters (150 feet) deep lies just off the eastern
edge of St. Lawrence Island (Hanley et al., 1980). A deltaic fan created
by the Yukon River forms a large shoal generally less than 15 meters (50
feet) deep in the southwest portion of Norton Sound. The Sound itself
has an average depth of 18 meters (60 feet) (Cacchione and Drake, 1978),
and is relatively uniform except for an anomolous channel located just

offshore from the city of Nome (Hanley et al., 1980).

Climate

The northern Bering Sea-Norton Sound region is an area of extreme seasonal

variability (Muench, 1980). The climate is mostly trasitional except

11



12

for the extreme eastern corner of Norton Sound, which is continental,

and some coastal areas which are maritime (Selkregg, 1976).

Winter usually extends from November through May, during which time
temperatures average from -15 to -12°C (5 to. 10°F). . Marine ice formation
typically commences in November in shallow bays and lagoons along the
northern shore of Norton Sound, with first ice occurring in Norton Bay.
By mid to late December the entire study area including the northern
Bering Sea is essentially covered with broken first-year ice or, in ‘
nearshore regions, stable shorefast ice. Winds prevail from the north
and northeast during winter months, providing the mechanism by whichf
large amounts of ice are transported to southern portions of the Bering
Sea. Wind velocities exceedjng 112 k.p.h. (70 m.p.h.) have been recorded
during all months from October through March (USCP, 1979). Annual

snowfall may range from 127 to 178 centimeters {50 to 70 inches) a year.

Summer generally persists from June through early September. Storms
moving through this region during these months can cause extended periods
of cloudiness and rain. The nearly continuous cloud cover during July
and August results in an average of 45 cIouqy, 12 partly cloudy, and
only 5 clear days for the 2-month period (USCP, 1979). Precipitation

ranges from 38 to 51 centimeters (15 to 20) inches a year.

During late summer and fall, storms are frequent and usually arise from

the southwest. Whenever a particularly intense storm crosses or approaéhes

a coastline, some portion of the shore will experience an increase in

sea level and another will experience a decrease. Storm surges, the



term used to decribe such occurrences, are the difference between observed
sea level and the sea level that normally would have occurred without a
storm (Brower et al., 1977). 1In 1974, a storm surge in Norton Sound
resulted in extensive damage to some coastal communities, including Nome
and Unalakleet. Totaf rise of water was estimated at 7.6 meters (25

feet) where the normal tidal range is 1.2 meters (4 feet). Storms of

this magnitude are thought to occur oﬁce every thirty years (Wise and

Searby, 1977).

13
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Biological Resources and Human Use

The northern Bering Sea-Norton Sound region is clearly of major importance
for a variety of animal species, particularly marine mammals and birds.
During the transition periods of spring and fall an immense number of
marine mammals funnel through the relatively narrow confines of the

Bering Strait, en route to summering areas in the Chukchi Sea and Arctic
Ocean to the north, or wintering areas in the central and southern

Bering Sea to the south. The exact size of these populations remains
largely unknown, however it has been estimated that there are approximately
200,000 to 250,000 walrus, 200,000 to 250,000 spotted seals, 1,000,000

to 5,500,000 ringed seals, 300,000 bearded seals, 9,500 belukha whales,
1,700 to 2,900 bowhead whales and 16,500 to 19,000 gray whales present

in western and northern Alaska waters. A large majority of these animals

either migrate through, reproduce, overwinter, or feed in the Norton

Basin annually.

Twenty-four seabird colonies scattered throughout this region support an
estimated 4.3 million birds. The seabird populations on St. Lawrence

and Little Diomede Island account for an estimated 2.7 and 1.2 million
birds respectively. These aggregations are the largest and third largest
in the Bering Sea. Large percentages of some seabird species nest

wholly within the northern Bering Sea-Norton Sound region. For example,
colonies located on St. Lawrence Island support 62% of the crested

auklet population in the eastern Bering Sea; and least auklets breeding
on St. Lawrence and Little Diomede Island encompass 79% of this species’

eastern Bering Sea population.
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Because of its geographic location, Norton Sound is heavily used by
waterfowl, shorebirds, and passerines migrating between southern wintering
grounds and northern breeding grounds in the Alaskan and Siberian arctic.
The entire Yukon-Kuskokwim Delta stretching south from Norton Sound 1is
recognized as one of the most productive waterfowl habitats in the

world; it is estimated that there are 3 million waterfowl and over 100
million shorebirds present during summer months. More than half of the
continental population of black brant nest in this area, as do 80% of

the world's population of emperor geese.

The Yukon River Delta is also very important in terms of number of fish
produced. The Delta is a major migratory route fof two to five million
spawning salmon each year, and is a principal rearing area for outmigrating
juvenile salmon. In addition, the Delta provides important habitat for
sheefish, ciscos, and other whitefish, all of which are major subsistence

fishery items for local residents of this region.

The northern Bering Sea-Norton Sound region supports a rapidly developing
commercial herring and king crab fishery, as well as a nearshore set net
fishery for saimon. These fisheries harvest an average of 2,250,000

pounds of king crab, 1,173 metric tons of herring, and 900,000 salmon
annually. Although these fisheries comprise only a small percentage of

the total State harvest of these species, they are of significant importance
to the local economy. Dollar value estimates for 1979 Norton Sound
commercial fisheries products were $2,721,805 for king crab, $777,608 _

for herring and herring roe-on-kelp, $876,547 for salmon caught in

Norton Sound proper, and $7,619,500 for all salmon harvested from the

Yukon River system.
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There are roughly 18,000 Native residents in this area; the majority of
the inhabitants reside in more than 26 small villages scattered along
the coast and the major river systems. Nearly all of these people rely
on subsistence harvests of fish and game resources for a substantial
portion of their livelihood. Because of the availability of a variety
of animal species such as whales, walrus, seals, salmon, marine fish,
shellfish, terrestrial mammals, seabirds and waterfowl, this region

probably supports the largest and most diverse subsistence harvest in

the State.
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PHASES AND ACTIVITIES OF OIL AND GAS DEVELOPMENT

Phases of 0il and Gas Development

The development of petroleum resources can be separated into five

phases including 1) pre-exploration, 2) exploration, 3) development,

4) production and transportation, and 5) shutdown. In order to predict

specific environmental impacts from 0il and gas development, it is
necessary to understand what kinds of activities are occurring within

each of the five phases (see Table 1).

1. Pre-Explorétion

The search for offshore o0il and gas begins with an analysis of the
geologic characteristics of an area. Geophysical surveys are used
to 1dentffy and locate geological formations that may contain 011
and/or gas. If such formations are found, Continental Offshore
Stratigraphic Test -(COST) wells are drilled to gather additional
information. Unless extensive oil and gas resources are found, no

permanent onshore facilities are needed to support this phase.

2. Exploration

During the exploration phase, exploratory wells are drilled to
determine whether commercial quantities of oil and/or gas are
present at a given site. If no commercial discovery is made the

0il industry abandons the lease. If sufficient quantities of oil

17
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and gas are discovered, additional wells are drilled to determine
the size and extent of the area. Production platforms are ordered
and a method for transporting the crude oil is selected. Exploratory

activities are supported by temporary service bases located onshore.

Development

The development phase is the period of greatest onshore and offshore
activity. Onshore, a variety of facilities such as permanent

service bases, terminals, pipelines, storage yards and port facilities
are built to support the construction of offshore platforms and the
production of oil and gas once they start flowing from the production
platforms. Offshore, production platforms or gravel islands are
installed and development wells are drilled. Submarine pipelines

are laid to transport oil and gas from offshore platforms to onshore

treatment facilities and storage terminals.

Production and Transportation

Production begins as soon as an offshore well is ready to produce,

the transportation system is completed, and onshore facilities to

store oil are constructed. All facilities built during the development
phase become operational. Additional processing facilities such as
refineries, petrochemical plants, and liquified natural gés plants

may also be built. Gas pipelines are constructed during this

phase.



Shutdown

When oil and gas reserves in an offshore production field are
exhausted, most facilities will be shutdown, dismantled, or converted
to another use. Offshore facilities such as production platforms
will be dismantled. The United States Geological Survey normally
requires that casings and pilings be cut 15 feet below the sea

floor and removed. The well site area is dragged to remove any

-obstructions. Pipelines are usually left in place because of the

cost involved to remove them. The connection between the pipeline

and the production platform is capped and sealed. Onshore facilities

are either closed or converted to another use.

19
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Activities Associated with 0il and Gas Development

0i1 and gas development involves both offshore and onshore activities
which may potentially diéturb and may adversely impact fish and wildlife
resources in the coastal environment (see Table 2). Offshore development
includes 1) geophysical surveying, 2) exploratory drilling, 3) production
drilling and platform installation and 4) laying submarine pipelines.
Onshore development mainly involves the construction of 1) service

bases, 2) platform fabrication yards, 3) treatment facilities, 4) oil or
marine terminals, 5) oil refineries, 6) petrochemical plants, and 7)
liquified natural gas plants. The following is a description of each of
the activities which may result in potential damage to fish, wildlife

and aquatic plants of the coastal region.

1. Geophysical Surveying

The initial step in searching for petroleum deposits is to analyze
the geologic characteristics of a potential development regioh.
Seismic and other types of geophysical surveys are used to identify
and locate geological formations such as reservoirs or statigraphic
traps that may contain oil and/or gas. This data is used by the

011 industry to determine which submerged lands appear potentially

prbmising for the development and production of petroleum. Continental

Offshore Stratigraphic Test (COST) wells are often drilled as a
result of these preliminary surveys. Core samples taken from these
wells identify rock layers and their structure, and the composition
of rock material that may be present, which helps to confirm the

possibility of petroleum accumulations in that area.

21
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2.

3.

4.

Exploratory Drilling

Exploratory drilling is the major activity associated with the
exploration phase of offshore petroleum development. Exploratory
wells are drilled based on data obtained from geophysical surveying.
If commercial quantities of o0il or gas are discovered, additional
wells will be drilled to determine the size of the field and the
quantity of hydrocarbons present. Temporary service bases are

needed to support offshore exploratory operations.

Production Drilling and Platform Installation

If 0i1 is discovered in commercial quantities, platforms are installed
or artificial islands are constructed from which production wells

are drilled. The number and placement of production wells depends

on the extent of tHe field, rock porosity, viscosity of the oil,

field pressures, and other factors. Thirty or more wells may be
drilled from a typical platform or island. These production
platforms are stationary and remain in place for the T1ife of the

field (20 to 30 years).

Submarine Pipelines

Pipelines transport oil and natural gas from offshore production
platforms to onshore processing, storage and lcading facilities
except when such products are stored on the platform and transferred

directly to tankers for shipment. Offshore loading of o0il directly



Figure 2, | Drillship used in exploratory drilling.
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into tankers is generally used in fields of Timited production.
Natural gas is almost always transported to shore by pipeline.
Between the offshore field and the coast, pipelines are buried
beneath the océan floor or are laid directly on the bottom. As
they come ashore (Tandfall) they are buriedvunderground and proceed

toward onshore treatment and storage facilities.

Service Bases

Onshore service bases provide the necessary services and supplies

for offshore petroieum operations. They are usually the first

. onshore facilities constructed. Crew members and materials required

to operate the rigs and offshore platforms are transported from
service bases to offshore operatiohs by supply boats, crew boats,

or helicopters.

Temporary service bases established during the exploratory phase of
petroleum development are used to transfer materials Ce.g., pipes,
drilling muds, fuel, food, solid wastes, and crew members) between
land and the offshore drilling rigs. Supply boats, crew boats, and
helicopters operate out of these bases; therefore, they must provide

harbor services for berthing and supplying boats, dock space for

- loading and unloading supplies, warehouse and open storage space, a

helipad, and quarters for supervisory and communications personnel.
Existing facilities are used if available, otherwise new structures

must be built.

27
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Service bases are typically
the first onshore facilities

constructed.

Figure 7,
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If commeéical quantities of oil and gas are found in the exploratory
phase, temporary service bases a}e expanded to accommodate the
increased offshore and onshore activities generated during the
development and production phases. Permanent service bases provide
the same services and support as temporary service bases only on an

expanded scale.

6; Platform Fabrication Yards

The platforms used to drill for and produce offshore oil and gas
are built in platform fabrication yards. Two major types of
platforms are used, steel or concrete. Large waterfront sites with
deep drydock basins are néeded for the construction of concrete
platforms; however no facilities of this type currently exist in
Alaska. Steel platforms. would have to be constructed outside
Alaska and transported to the drilling site. Dfi1ling rigs of the
type used onshore or on artificial islands have been constructed in

Alaska.

7. Treatment Facilities

Treatment facilities separate natural gas and formation water from
crude oil. These facilities can be located offshore on the production
platform or onshore as a sepafate faci]ity, in combination with a
marine termina] (facilities associated with waterborne shipments of
crude 0il1), or a gas processing plant. Generally, the process of
separating the oil from water beginsloffshore and is completed

onshore.
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0i1 Terminals (Marine Terminals)

0i1 terminals are used to store crude oil from offshore praduction

platforms and then load it aboard tankers for de]ivery to refineries

and outside markets. 0il terminals may be located either onshore

or offshore, although onshore o0il terminals are more commonly

chosen. Submarine p{pe1ines deliver the oil to the.onshofe terminal
site. If the oil has already been separated from its impurities,

it goes directly into storage tanks. If not, the 0il undergoes
separation treatment at an onshore treatment facility. The processed
01l is then stored in tanks for eventual shipment by tankers.

Onshore o011 Ferminals are genérally located along the'waterfront

although the storage facilities could be built inland.

011 Refineries

Refineries convert crude oil into various petroleum products including
gasoline, fuel o0il, kerosene, asphalt, and propane. Crude 0il is
brought to the refinery by pipeline and/or tanker and is temporarily
stored in tanks. In Alaska the oil.is then dist511ed,'refined, and
blended into a few final producté wﬁich are stored for later

shipment. Refinéries do not need to be located along the coast,

but if they.are, a pipeline would be needed to connect the refinery

to a sheltered harbor where both crude 0il and refined products
would be transborted by ship to market areas. Refineries are _
highly visible componeﬁts of the entire production of petroleum and

may elicit public controversy regarding their location.
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Figure 9,

The Valdez Terminal in Valdez, Alaska serves as a
storage and distribution center for oil transported
from Prudhoe Bay via the Trans-Alaska Pipeline.
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10. Petrochemical Plants

Tq_produce petrochemicé]s which are final products themselves

(tqluene, benzene, ethylene) or which may be used to make other
products, petrochemical plants use feedstocks derived from various

0il refinery products and from natural gas liquids. In Alaska
petrochemical plants are not usually an essential part of the
development of petroleum. It is usually more economical to ship’
crude oil-and 1iquid natural gas in bulk to market areas than to
transport a number of petrochemical products. If petrochemical

plants are built in Alaska they will be located onshore near refineries

or marketing areas.

. Liquified Natural Gas Plants

Liquified natural gas (LNG) plants receive natural gas via pipelines
from offshore gas fields, cool and compress it, and transfer it to
cryogenic tankers for transport to regasification plants located
near the markeﬁ.' Liquifying natural gas and transporting it by
tanker is a convenient way to move gas over distances too great for
pipelihes. The only LNG plant in the United States is located at
Nikiski, near Keéai, Alaska. This plant produces LNG which is |
transported to Japan by cryogenic tankers. LNG plants are usually
located on large tracts of land away from populated areas because
LNG spills create a serious hazard from fire and explosion. LNG
plants are often built.along the waterfront where marine facilities

and sources of cooling water are available.



Figure 11. Liquified Natural Gas (LNG) plant at Nikiski,
near Kenai, Alaska.
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IMPACTS AND RECOM'ENDED MITIGATION MEASURES
Introduction

This section addresses the following disturbances caused by oil and gas
development: site preparation, noise and disturbance, drilling muds and
cuttings; oil pollution; dredging and filling, gravel mining, and

gravel island construction; shoreline alteration; formation waters;
coé]ing waters and water withdrawal; interference with subsistence,

commercial, or sport harvests; secondary development; and air pollution.

The discussion of each disturbance is divided into two parts: 1) Sources
and Biological Effects; and 2) Sensitivity of Areas and Recommended

Mitigative Measures.

1. Sources and Biological Effects - The information presented in
this section was obtained during the course of an extensive
literature review concerning the sources of o0il aﬁd gas related

_ disturbances and the effects that these disturbances have on
fish, wildlife, and aquatic plants. It was found that a
ﬁonsiderable amqunt of information is available on the impacts
of 0il pollution; however, additional research is needed for
the other onshore and offshore impacts of o0il and gas development.
Impact tables have been included in order to provide a brief
summary and quick means of reference for the various types of -
disturbances identified, the species affecfed, the types of

studies conducted, the researchers or authors involved, and
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the effects observed. Impact tables have not been provided
for site preparation, air pollution, secondary development or
harvest interference due to the generalized nature of these

disturbances.

Sensitivity of Areas and Recommended Mitigative Measures - the
biological sensitiyity of various areas in the northern Bering
Sea-Norton Sound region was determined after synthesizing both
the information on biological resource concentrétions, and the
impacts of disturbances on fish, wildlife, and aquatic plant
species. Sensitivity designations were made using the available
information. In many cases, the data available were insufficient
to determine eifﬁer the extent of a biological resoﬁrce or the
effects of a diéturbance within reasonable statistical limits.
As new information becomes available area designations for
resources may be altered, however, it is felt that the important

habitats have been identified.

Areas were ranked as having a low, moderate, or high sensitivity
to the impacts of a particular oil and gas‘disturbance based

on their value as productive fish and wildlife habitat. In

order to insure the maintenance of existing populations of

fish, wildlife, and aquatic plant resources in the nqrthern

Bering Sea-Norton Sound region, some areas should be excluded

from specific types of 0il and gas development. Highly productive

or unique areas that should remain unchanged in order to
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maintain existing fish and wildlife populations were included

in high sensitivity areas. Moderate sensitivity areas were

those areas which supported va]gab]e fish and wildlife resources
but where environmental impacts from o0il and gas déve]opment
could be prevented or reduced if development took place according
to specific environmenta] guidelines. Areas were designated‘

as having a low sensitivity if the existing data base did not
indicate the presence of significant populations of fish and
wildlife (such as near existing townsites), or where existing

requlations are adequate to protect biological resources.

It is also possible that future studies may reveal portions of
designated Tow sensitivity areas to be more important than
currently thought, although large charges are not anticipated.
Mitigating measures are provided in order to minimize the
adverse impacts of disturbénces from o0il and gas development
on fish, wildlife, and aquatic plants in the northern Bering

Sea-Norton_Sound region.
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SITE PREPARATION

Sources and Biological Effects

During o1l and gas development, the preparation of sites for the construction
of facilities, roads, utility right-of-ways, and pipeline corridors can
adversely impact the fish'and.wildlife of Norton Sound and the northern
Bering Sea by altering or destroying their habitaﬁs. In addition to
destroying habitat, site preparatidn can lead to other environmental

problems such as alteration of natural draihage systems, sedimentation,
permafrost degradation, and pollution of water from stormwater runoff

and erosion.

Because ekisting facilities (construction docks, tanker terminals, and
onshore support bases)‘do not exist in the Norton Sound-northern Bering

Sea region,>new facilities will have to be constructed. Extensive site
alteration involving clearing, grading, filling, and gravel pad construction
will be required prior to construction of these facilities, or for

access roads, pipelines, and utility corridors.

As a result of site preparation prpcésses, habitats of local fish and
wildlife populations are often altered or destroyed. Species of wildlife
that are sensitive to disturbance will abandon the area (Longley et al.,
1978). If site preparation only alters a small part of a species habitaf
and if the surrounding area is not at peak carrying capacity, the displaced
species may successfully relocate nearby. However, if the disturbed

area is large in relation to the total available habitat, or if a

43
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species has specific habitat requirements and the area altered provided
the only suitable habitat, the species may be eliminated from the area.
It is also possible that site preparation could create new habitat which
will be colonized by different species from the surrounding area (NERBC,
1976). Impacts of site preparation will be most severe in Norton Sound
and the northern Bering Sea if habitats which are important to fish and
wildlife production are destroyed. Critical habitats in Norton Sound
and the northern Bering Sea include: streams and rivers which provide
habitat for fish spawning, rearing, and overwintering; wetlands which
afe vital components of the ecosystem and provide valuable habitat for
fish, waterfowl, shorebirds, moose, and brown bear; Fucus beds which are
important habitat for herring spawning; and rocky islands and seacliffs

which are valuable to nesting seabird colonies.

Other adverse environmental effects, besides habitat destruction, may
result from the preparation of onshore facility sites. As areas are

cleared for construction, natural ground vegetation is removed and soils

are exposed to the erosional processes of wind and water. During storms,

runoff containing eroded soils is carried into coastal streams and
marine waters, degrading water guality and interfering with normal
biological processes. When sediments are added to the water it becomes
cloudy, blocking 1ight penetration and inhibiting the growth of algae

and other aquatic plants. These aquatic organisms are vital components
of the ecosystem and supply the basic .nourishment for the entire chain

of 1ife. Suspended sediments affect juvenile fish by causing inflamation

of gill membranes, and can clog the feeding mechanism of filter feeding



animals such as clams, mussels, and sponges. In addition to sediments,
runoff from construction sites often contains contaminants, including
metals from wel&ing, riveting and paint spilis; oil and chemicals;
bacteria; and other undesirable matter, all df which may poliute coastal
waters. Freshwater storm ruﬁoff flowing into nearshore waters changes

the salinity and increases the stress on coastal marine resources (Shanks,

1978).

Another impact caused by site preparationbis the alteration of the water
and drainage systems by filling in or draining of coastal wetlands (hogs
and marshes), by degrading the underlying permafrost, and by diverting
or destroying natural drainage channels and watercourses. Altered
drainage patterns can lead to vegetative changes that may_in turn change
the composition of fish and wildlife species using the area (NPRA.Task

Force, 1978).

In arctic and subarctic regions, permafrost degradation is a major

concern during site preparation. When insulating vegetation and peat

- cover are removed or compressed by construction equipment, additional

thawing of the active layer (that portion of the permafrost that thaws

in the summer and freezes during the winter) can occur. This may lead

to long term slope instability, permanent modification of surface drainage
patterns, erosion, lasting scars on‘the tundra mat, and vegetation
changes. However, insulation of permafrost by the use of gravel pads

for roadways and work or building pads can also affect drainage patterns
and cause deterioration of nearby permafrost areas. Permafrost can grow

upward or aggrade under thick pads blocking drainage. Impoundment of

45
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water on the upslope side of pads can degrade underlying permafrost.
Attempts to relieve the problem by placing culverts through the pad, can

channelize the flow and induce thermal erosion downstream of the pad

- (USGS, 1979).

The severity of the impacts from site preparation will depend on the

type and size of the facility being constructed, the time of the year
construction is scheduled, the geology (soils, s]ope)'and hydrology
(rainfall, aquifer) of the construction area, the construction methods
used, and the composition of plant and animal species in the construction
area. Many of. the most adverse impacts of site preparation can be

minimized through carefu] siting and design of facilities.



Sensitivity of Areas and Recommended Mitigative Measures

Areas in the northern Bering Sea and Norton Sound were ranked as having
low, moderate, or high sensitivity to the impacts of site preparation
(see Map A). These designations were based on available data and were

made after ‘evaluating the following criteria:.

1. The sensitivity of each fish and wildlife species or

habitat to site preparation.

2. The degree of sensitivity to site preparation which is
experienced by each species during the various stages

of its life history.
3. The time of year that these critical life history stages
occur and the period during which each species would be

most affected by site préparation.

4, The location of habitats where critical 1ife history

stages occur.
5. The productivity of the habitat.
6. The uniqueness'of the habitat.

7. The species population numbers and relative importance of

the population.



8. The degree to which the impacts of site preparation could

be mitigated.

Specific considerations and assumptions that were made in the ranking of

various habitats 1nc1uded:

1. The aSSumption'that site preparation activities would occur on
1and or in nearshore areas. Impacts in streams or nearshore
areas would only occur as a resu]f of runoff from the site or
from extension of an onshore site into adjacent waters (filling).
Impacts arising in marine waters from dredging, filling, or
the construction of gravel islands are discussed in the Dredging

and Filling, Gravel Mining, and Gravel Islands section.

2. Impacts of site preparation_wou]d be greatest in eelgrass
beds, wetlands, tideflats and lagoons. These habitats are
generally highly productive areas that would be altered or

destroyed by site preparation.

3.  Fucus and kelp beds, highly productive habitats than can be
altered or destroyed by site preparation, were ranked as
moderate because of their widespread nature. It was felt
impacts could be mitigated by limiting the size of projects,
or by providing buffer zones along the coést to prevent sedimeht

laden runoff from entering the beds.



. .

Species most sensitive to site preparation aré those for which
a critical life stage occurs in a sensitive habitat (i.e.
waterfowl nesting and staging in wetlands) or in a restricted
area (marine mammal haulouts, seabird colonies, and muskox

winter concentrations).

. Moderate sensitivity designations were applied to those areas

where it was felt that the adverse impacts of site preparation
could be mitigated or prevented by careful siting, design, and
by the use of buffer zones between the construction sites and
neérby streams or coastal waters. Areas included in this
category were: sa]moﬁ streams and nearshore rearing areas,
herring and capelin spawning areas, raptor nesting areas, and
moose wintering areas. Actual fish spawning sites and_raptor

nest sites would be highly sensitive.

Important fish and wildlife habitats where species are relatively

wide spread, such as marine mammal migration routes, muskox
summer range, and areas of demersal fish abundance, were
considered to have low sensitivity to the impacts of site

preparation.

Impacts to harvest areas would arise primarily from noise and
disturbance during construction and from the physical loss of'
harvest areas. These impacts are addressed on the Noise and

Disturbance, and Interference with Subsistence, Commercial and

Sport Harvest maps.

49
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Sensitivity Designations and Mitigative Measures

LOW SENSITIVITY AREAS

The designation of low sensitivity was given to areas where impacts of

site preparation would be less adverse than in moderate 6r high sensitivity
areas. Activities relating to site preparation.in Tow sensitivity areas
should be conducted according to existing environmental regulations such

as Federal noise level standards, EPA (Environmental Protection Agency)

air and water quality standards, local zoning ordinances, and Coastal

Zone Management guidelines.
MODERATE SENSITIVITY AREAS

The designation of moderate sensitivity was given to those areas where
impacts of site preparation on fish and wildlife could be prevented,
minimized or ameliorated. Habitats included in areas of moderate

sensitivity are:

1. Fucus or kelp beds.

2. Salmon streams and nearshore rearing areas.

3. Herring spawning, possible spawning and overwintering areas.
4, Capelin spawning and possible spawning areas.

5. Waterfowl molting areas.

6. Raptor nesting areas.

7. Moose wintering and calving areas.
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Site preparation activities in areas ranked as moderately sensitive
should be conducted according to existing environmental regulations and

the following guidelines:

General Mitigations

1. Vital fish and wildlife habitats should be»avoided as sites

for 0il and gas facilities (see Map A).‘

2. Before site preparation begins the environmental, geologic and
hydrologic aspects of~therconstruction sitélshould be studied.
Facilities §hou1d be sited where the impacts of the facility

. on the environment and the environment on the facility are

minimized.

3. Site preparation activities should be scheduied at times when
the impacts on critical fish and wildlife 1ife processes such

as nesting or pupping will be minimal (see Table 3 ).
4. Development plans should include procedures fbr controlling
»erosion, runoff, and sedimentation, for preserving natural

water drainage systems, and for protecting pérmafrost.

5. Wetlands, tideflats, and wet tundra areas Shou]d not be drained,

filled, or polluted.

6.l The destruction of native vegefation cover should be avoided.
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Size of facilities should be minimized, and facilities should

be consolidated where possible,

Dust should be controlled at construction sites. Dust accumulation
around roads and construction.sites can cause early snow melt

and vegetation changes. These changes can lead to changes in
drainage patterns. Dust should be controlled by watering, not
oiling. Runoff from oiled surfaces can pollute local waters

and the hard surface created by oiling lengthens deterioration

time following project abandonmént.

Non-permafrost soils - erosion, runoff and sedimentation.

Clear only the minimum area needed for construction of facilities.
Other parts of the site should not be disturbed. Any remaining

vegetation will reduce erosion and runoff in adjacent areas.

Finish grades so that the flow of water is directed along

natural drainage courses and through natural terrain.

Vegetative buffers should be left along all shorelines, sloughs,

bays, rivers, streams, and other surface waters in order to
trap sedimentation and pollutants and to control stormwater
flow. The width of the buffer should be determined by slope

of land, severity of erosion, and vegetation type.
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Cleared areas should be revegetated as rapidly as possible

after site preparation activities in order to stabilize

exposed soils.

Where possible natural vegetation should be used to revegetate
cleared areas. It is adapted to local climatic conditions .
and it reduces the loss of wildlife habitat because birds and
mammals are adapted to it. Nurseries should be established to

provide arctic adapted species for revegetation.

On a site that has beeh cleared but on which construction will
be delayed, temporary vegetation (i.e., rapidly growing grains
and grasses) may be p]anfed on exposed soils to prevent erosion.
Newly seeded areas can be protected until vegetation becomes
established by laying down netting, preferably jute or other

biodegradable material.

Stormwater runoff may be diverted away from exposed soils by
cutting paral]e]Itroughs'acrossds]opes to intercept the downwafd
flow of surface waters. On steep slopes, bench terraces can

be constructed to achieve the same purpose. Both of these
methods are used to divert stormwaters into sediment baﬁins or

into vegetated buffer strips so that sediments can be removed.

Sediment basins or detention ponds may need to be constructed
in order to detain runoff and.trap sediment thus decreasing

the siltation and contamination of coastal waters.
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10.

11.

12.

Vegetated waterways (swales) should be used to carry stormwaters

away from construction sites instead of concrete storm drains.

Erosion in waterways (e.g., channels, ditches) may be reduced
by planting grasses along their courses. The establishment of
grasses is an effective way of removing sediments from the

water.

Structures sited on's1opes of unstable materials should be

built on fill or supported on piles.

Riprap material used to stabilize river‘banks and prevent
erosion should be of sufficient size so that it cannot be

carried into the stream by normal or flood currents,

Non-permafrost soils - preserving natural water drainage systems.

Areas that have high water tab]es-should not be drained.
Excavation in these areas should be limited to such structures
as ponds, artificial lakes, or other cdntainment projects
which preserve the natural water system. These artificial
basins should be designed to function as natural systems,
which means they should be fairly shallow and have gentle
slopes. Improperly designed basins may become polluted

within a few years. Vegetative buffer strips should surround

the basins for restoration of runoff water quality.



Areas that are regularly flooded should not be drained or
altered. Elevating structures on piles will cause the least

disturbance to the flood plain.

There should be no excavation, filling, land clearing, grading,
channelization, or removal of natural vegetation, and no

discharge of poliutants into wetlands or wet tundra areas.

Upland sites should be selected for facilities unless they are
watergdependent.' If facilities are water-dependent, then the
non-water dependent parts of the facility (e.g., parking

areas) should be located outside of the wetland area.

Excavation in wetlands should bebavoided except for essential
public purposes {i.e. electrical lines, pipelines, and water
Tines that cannot feasibly be rerouted). Excavation should be

limited to as small an area as possible.

Solidffi11qroads or.other-structures which obstruct the natural
flow of water should not be built in wetlands. The excavation
of fill for these structures causes additional adverse impacts.

If the construction of roads or other types of access through

wetlands is unavoidable, they should be placed on pilings

rather than on fill.

If drilling for 0il and gas is unavoidable in wetlands,
ecological disturbance can be reduced by using directional

drilling to drill several wells from one site.

55
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10.

11.

Wetlands that are altered during the construction of facilities
should be restored to their natural state after the project is

completed.

a. The original soil should be saved and replaced after

project completion.

b. The area should be restored to its original topographic

configuration.
c. The area should be revegetated with native species.

When the movement of heavy construction eduipment through
wetlands or wet tundra is unavoidable, culverts and bridges
should be used to minimize degradation of the natural drainage
patterns. Winter movements are desirable because the substrate
is frozen, fish and wildlife are generally absent, and damage

is minimized.

Construction areas should be graded so that the flow of

surface waters is along natural drainage courses.

Site preparation activities in wetlands and wet tundra should
be scheduled during winter when the least biological damage

will occur.
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12,

13.

14.

Tributary streams should not be altered.

The use of permeable surfacing materials such as gravel,

rocks, and shells, over groundwater recharge areas is more
desirable than the use of impenetrable surfacing such as

asphalt. Impenetrable surfaces such as paved parking lots and
roads prevent groundwater recharge and accelerate storm runoff.
Water that normally filters through thersoi1 remains on the
surface. Increased runoff from paved areas results in pollution,

causes erosion, and increases flooding.

Stormwater should be retained by constructing detention ponds
which collect runoff and then slowly release filtered and

purified water to the coastal system.

Protection of permafrost

Il B N TR Ol TN T = =

Site specific studies should be conducted to define the type
of permafrost terrain present and the degree of potential

instabi]ity that must be considered in site design.

Construction on well-drained, coarse sediments presents fewer
problems than construction on poorly-drained, fine-grained

sediments.

Construction in permafrost areas should use the latest available
technology to prevent drainage alterations, channelization of

flows, ponding, and permafrost degragation.

- §7
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Where gravel pads are required, impact on drainage patterns
can be reduced by building circular pads or orienting one

corner of square pads upslope.

Gravel pads should be of sufficient depth to insulate the

underlying permafrost.

Artificial material, sgch as styrofoam insulation, can used in
conjunction with gravel to provide insulation to the permafrost
layer and to reduce gravel needs. However, the long term
impacts of artificial materials have not been adequately

tested.

Temporary structures should be built on piles. Gravel pads
should only be used Where weight or stability requires their
use. Use of piles reduces permanent environmental damage and

reduces commitment of surface area for temporary structures.

Refrigerated piles can be used in marginal permafrost to
assure the permanently frozen state of sediments around the
piles. Piles should be spaced far enough apart to allow

thawing between them or drainage patterns will be altered.

To minimize environmental damage, construction of facilities
should be minimized. Unnecessary duplication of roads such as
construction of roads between facilities where access to the

facilities from main roads has already been provided, and the
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11.

12.
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use of pipeline construction pads where existing roads could

be used, are examples of activities that should be avoided.

Facilities should.be consolidated so that the area of disturbance

is reduced.

Vehicular travel and movement of construction equipment
should be restricted to adequately constructed roads. Off-
road travel should only be allowed after the tundra surface is

sufficiently frozen and snow depths are adequate to prevent

surface damage.

Where possible, off-road travel should be restricted to low-
surface-pressure vehicles. Impacts of off-road travel by

tracked or tractor-type vehicles can be lessened by:

a. Traveling only where and when there is sufficient snow
cover to protect the vegetative surface and avoiding

steep slopes and snow-free areas.

B. Using the same route each year.when activities extend
over several winters, Use of the same route for more
than two years, providing that the peat layer continues
to insulate against summer thaw, is less damaging than a |

series of parallel roads across the terrain.
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In order to implement these guidelines, site specific studies will have
to be conducted on a case by case basis. In instances where information
is not available regarding the effects of site preparation on the various
stages of animal Tife history, more research will have to be done to

determine these impacts.
HIGH SENSITIVITY AREAS
The designation of high sensitivity was given to habitats where the

impacts of site preparation would be extremely adverse to fish and

wildlife resources. Habitats in this category include:

1. Eelgrass beds, wetlands and tideflats (both highly productive/heavily

used and those where productivity is not known), and lagoons.

2. Seabird colonies and peregrine falcon nesting/use areas.

3. Waterfowl nesting and staging areas including major and important

staging areas, emperor geese molting and staging areas, snow
geese staging areas, swan nesting/use areas, and sandhill
crane use areas.

4. Waterfowl and shorebird spring concentration areas.

5. Shorebird fall staging areas and important habitat.

6. Marine mammal haulouts including walrus recurrent and occasional
haulouts, spotted seal and sea lion haulouts.

7. Grizzly bear denning areas and possible polar bear denning
areas.

8. Muskox wintering and calving area.

Because the destruction of habitat caused by site preparation is usually

permanent, facilities should not be sited in areas of high sensitivity.
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NOISE AND DISTURBANCE

Sources and Biological Effects

The intense levél of support activity associated with offshore 0il and
gas exploration and development will cause various degrees of distur-
bance to fish and wildlife in the coastal environment. Noise and phy-
sical disturbance are‘primarily caused by an increase in helicopter,
fixed-winged aircraft, and boat traffic; by heavy machinery used during
site preparation, gravel mining; and construction of onshore facilities;

by seismic exploration; and by an increase in human presence.

Projections for offshore 611 and gas development in Norton Sound indicate
that up to six wells could be dri11ed per year during exploration with
approximately one month of geophysical (seismic) work per well. Each
drilling rig would be supported by one helicopter and two supply boats
(Hanley et al., 1980). No estimates are available for the number of
trips required to transfer employees, parts, and supplies between off-

shore drilling vessels and shore. Additional increases in activity are

expected during oil field development.

When birds or mammals are disturbed by noise or human presence they may
either abandon or discontinue using favored breeding, feeding, nesting,
staging or md]ting areas (Nettleship, undated; Geist, 1975). The impacfs
from noise and disturbance can be especially severe if they occur during

critical periods in the 1ife cycle of birds and mammals. These critical
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periods include such activities as breeding, nesting, pupping, and
hatching. As a result of disturbance during critical periods, repro-
ductive success may be reduced, resulting in lower populations (Nisbet,

1977).

Some wildlife species or individuals are able .to adapt to predictable
man-made sounds. McCourt et al. (1974) found caribou tracks within 0.4
kilometers (one-quarter mile) of an active base camp and ajrstrip during

the spring migration period. In an another area however, caribou reacted

to the simulated sound of an air compressor by altering their direction

of travel and detouring around the simulator (McCourt et al., 1974).

Lapland longspur breeding was unaffected in the vicinity of a gas compressor

noise simulator (Gollop et al., 1974a).

Loud or unpredictabie sounds, such as noises from rapidly approaching
boats and aircraft, gunshots, or exp]osibns are usually disturbing to
nesting birds, and can result in direct mortality to eggs or young.
Sudden noises alarm nesting seabirds causing them to hove about and
knock eggs or young off cliffs or out of nests thereby exposing them to
predators such as gulls (Nisbet, 1977). Gyrfalcons place their feet
under or between their offspring and when startled and not allowed time
to respond unhurridly to intrusions, the parent birds may catapult eggs
or young from the nest (Fyfe and Olendorff, 1976). Barry and Spencer
(1976) studying the effects of oil well drilling on wildlife in the
McKenzie River delta, found that of all the activities associated with

drilling operations, lTow-flying helicopters caused the greatest disturbance



to birds inhabiting the area within 2.5 kilometers (1.5 miles) of the
drilling rig. Behavior patterns were altered and mortality 1ncrea§ed
due to the loss of eggs by predation. When adults were frightened away
from the nests, gulls and jaegers would often take the eggs (NPRA Task
Force, 1978). Egg.mortality can also occur when eggs become overheated

or chilled during the parent bird's absence.

The inability of birds to accomodate disturbance from humans, airplanes,
aﬁd boats can result in the abandonment of nesting habitat and major
losses of bird eggs and young (McKnight and Knoder, undated). Close
overflights by fixed-wing aircraft near gyrfalcon nests early in their
nesting cycle before egg laying begins, appears to cause nest desertions
(Fyfe and Olendorff, 1976). Disturbance studies with breeding b]ack
brant, Pacific eiders, glaucous gulls, and Arctic terns at Nunaluk Spit
and Phillips Bay, in the Yukon territory, in July 1972 indicated that
human presence was the most critical form of disturbance affecting the
incubating behaviorvof these species.  Helicopter disturbance had the
greatest impact on the incubating behavior of all species except Pacific

eiders (LGL Limited, 1972).

Disturbance to birds is not timited to nesting activities. During the
molt, birds are flightless and will concentrate in areas where they are

protected from predators. Molting birds are under a considerable amount

of physiological stress due to the large energy requirement necessary to

grow new feathers. Studies have shown that aircraft traffic over sea
duck molting areas will alter normal behavior patterns and therefore
have a detrimental impact on sea duck populations by causing them to

expend energy unnecessarily (McKnight and Knoder, undated). Studies by
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LGL Limited (1972) indicated that sounds simulating those gererated by
compressors were disruptive to staging snow geese (McKnight and Knoder,
undated). Salter and Davis (1974) reported that overflights of a Cessna
185 at altitudes of 91 meters (300 feet) to 3000 meters (10,000 feet)
flushed all resting snow geese. The geese tended to flush at greatest
distances when the aircraft was below 300 meters (1,000 feet) with
flocks flushing up to 14.5 kilometers (9 miles) away from the ajrcraft.
Non-nesting waterfowl populations were reduced on a small Take following

float plane landings and taxiing (Schweinsburg et al., 1974).

Marine mammals are also detrimenta]]y affected by noise and disturbance.
Helicopters, low-flying aircraft, noisy boat traffic, and human presence
are primary causes of pup mortality and the declining use of some areas
by marine mammals (Trasky et al., 1977). In the Canadian Beaufort Sea,
belukha whale movements were disrupted by gravel barge traffic during
the construction of offshore islands. When a barge moved through a
concentration of whales in a bay, whales up to 2.4 kilometers (1.5
miles) ahead of the barge reacted by moving rapidly away from the dis-
turbance. Distribution of whales in the bay did not return to normal
until 30 hours after the barge had passed. Heavily used barge routes
appeared to impede, if not block, nearshore belukha movements. It was
felt that the disturbance was caused not only by sound and movement of
the barges but by the wake of suspended bubbles which remained in the
water column for several hours after the barges had passed. The bubb]es;
which are suspended in the water column to a depth of a few meters, may

be interpreted by the whales echo location signals as a barrier. A
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similar effect has been reported as occurring in the Pacific Ocean where
wakes from tuna boats act as temporary barriers to movements of porpoises

(Fraker, 1977).

Johnson (1976) in a study on the effects of human disturbance on a
population of harbor seals on Tucidak Island, southeast of Kodiak Island,
Alaska found that low flying aircraft resuited in direct mortality of
harbor seal pups during the pupping season. _Studies show that any loud
or sudden noise can lead to a major disturbance which will frighten the
seals into the water, During avdisturbance pups may become permanently
separated from their mothers and die of starvation.. During the study
aircraft flying below 400 feet, particularly those Tess than 100 feet,
caused most, and sometimes all, of the seals to enter the water. Impacts
from natural disturbances such as rockslides or an eagle landing in or
near a group were u5ﬁ511yméahfihéd:to'bne Tocality and often affected
only one, or just a few of the herds on the island; Qhereas, low flying
aircraft circling the island caused the entire population to temporarily
abandon haulout areas. As a consequence, low flying aircraft not only
disrupted the seals daily activities, but resulted in a reduction of
population through pup mortality. Most of the disturbance to harbor
seals on Tugidak Island in 1976 was related to OCS exploration. Helicopters
transporting geologists were the most severe disturbance factor (Johnson,

1976).

Seismic activities, used primarily during the exploratory phase of oil

development, also cause disturbance to organisms in the coastal environ-
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ment. Presently, non-explosive techniques such as side scan sonar, air
guns and sparkers are used in marine areas to identify geological struc-
tures which may contain oil and gas reserves. Explosives and vibrating

(vibroseis) equipment are commonly used on upland seismic surveys.

Non-explosive seismic techniques do not appear to physically injure

fish. Falk and Lawrence (1973) have shown that air guns are non-injurious
to fish populations in shallow waters. Although a certain amount of

noise is emitted by non-explosive devices which can cause fish to move
away from the pathway of a ship'towing seismic equipment, it is not

known how much actual disturbénce is caused by this method of seismic
exploration. Porpoises’have been found to be attracted to side scan
sonar, and other marine mammals such as belukha whales, which depend on
sonar for communication, may also be similarly attracted (Holden, pers.
comm., 1978). Fishermen have complained that fish flee during the use

of these techniques.

Studies in Glacier Bay have shown that marine mammals, such as humpback

whales, killer whales, and Dall porpoisesrare disturbed by boats. Ncise
generated by.boats can cause these animals to abandon an area where they
are feeding, resting, or traveling. Observations in Glacier Bay revealed

that within a 24 hour period, the number of humpback whales using an

area decreased from sixteen to three as a result of boat-whale interactions.

Boats causing the disturbance were either traveling through the area,
trolling for fish, or were being used to observe the whales activities

(Jurasz, pers. c5mm., 1978).



Gray whales are not overly disturbed by boats in open ocean situations,
but vessel activity has excluded them from some lagoonal breeding areas
in Mexico. Bowhead whales appear to be more affected by disturbance
when restricted to narrow leads in the pack ice than when they are in

the open ocean (Burns, pers. comm.).

Terrestrial mammals are affected by increases in aircraft activity and

human presence. Individual animals and species react in varying degrees

to the same disturbance. McCourt et al. (1974) found that moose, caribou,

and grizzly bear all react to overflights by helicopters and fixed—winé
aircraft. Caribou and moose reactions decreased as overflight altitudes
increased. Aircraft above 182 meters (600 feet) elicited no response in
moose, and aircraft altitudes of 305 meters (1,000 feet) or more elicited
only occasional responses in caribou. Grizzly bear were more sensitive
to disturbance than moose or caribou, but no correlations were found
between altitude and sensitivity (McCourt et al., 1974). Sensﬁtivities
of terrestrial mammals to disturbance can vary according to the activity
the animal is engaged in, season of year, and group size. McCourt et
al. (1974) found that bedded caribou exhibited the strongest reaction to
aircraft disturbance, with large groups responding more intensely than |
small groups. Sensitivity of the caribou to aircraft disturbance varied

—

seasonally as well (McCourt and Horstman, 1974). b

Non-explosive seismic operations can affect other species. Along the
Beaufort Sea coast, Frost (1979) has found that ringed seal densities
are reduced in areas of the shorefast ice zone where over ice seismic

surveys and other activities have occurred. It is felt that the declines

69



70

in seal density are caused by displacement rather than direct mortality.

Animals will avoid or leave areas of seismic activity. Displacement of
female ringed seals from the shorefast ice zone during pupping can lead
to lower population levels. Newborn pups are helpless for six weeks
after birth and will die unless attended by a female. Seals displaced
to the moving pack ice are more susceptible to polar bear predation; and
pups born on moving ice tend to be smaller, are weaned earlier, and may
have reduced survival rates (Frost, 1979). Seismic work and human
presence in areas of polar bear denning have apparently caused early den
desertion (Lentfer, 1976, Belikov, 1976). Lentfer (1976) reported that
a female polar bear with a new cub was observed out of a den a month
earlier than normal in the vicinity of a seismic operation. The cuB was
extremely small and had trouble traveling. Early den desertions may

affect cub survival.

Explosives are used during terrestrial seismic work and can disturb
wildlife populations if detonated near bird nesting areas, or critical
mammal habitats. Over pressures from seismic explosions can kill fish

if detonated in or near fish producing lakes and streams.

During construction and operation of oil-related facilities, the population

of Norton Sound and the northern Bering Sea region will increase (Hanley
et al., 1980). The presence of more people in an area will lead to a
certain degree of harassment to wi]d]i%e, either because species have
not experienced disturbance before or because human activities may be

similar to other alarm-producing stimuli (Geist, 1975). As a result of
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human populations increases, more people will participate in outdoor
recreation including hunting, fishing, hiking, and boating. Machines
used by people, such as off—roadAveh1c1es, snow machines, trail bikes
and motors, will disturb wildlife. Disturbance and harassment are also
caused by free.roaming domestic pets (i.e., dogs and cats). Harassment,
which by definition includes non-intentional disturbance of a repeated
or prolonged nature, has both direct and indirect detrimental effects on
individuals as well as groups of wildlife. Harassment elevates body
metabolism and therefore affects an animal's body growth, development
and reproduction. Secondary effects from physical exertioh and temporary
confusion induced by harassment can lead to death, illness or reduced
fecundity. Animals will generally avoid or abandon areas where they
have experienced harassment. Avoidance of harassment may lead to a
reduction in the population's range, and ultimately a reduction of the

population itself.

Activities which attract wildlife, such as improper garbage dispoéa] or
feeding animals, will lead to human-animal conflicts and could cause
severe impacts on 16ca1 wildlife populations if several animals must be
destroyed. Bears are often attracted to these situations and are killed
because they become a nu%sénce or threat to human life and property
(NPRA Task Force, 1978). Other species attracted by garbage include
fox, wolves, and wolverines. Improper garbage disposal also attracts
gulls (including kittiwakes) and ravens leading to local increases in
the populations of these predatory species. Displacement of more desira51e
seabird species by rapidly increasing gull populations has proven to be
a serious problem in Europe, the eastern United States, Australia, and

New Zealand (Drury et al., 1978).
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Sensitivity of Areas and Recommended Mitigative Measures

Areas in the northern Bering Sea and Norton Sound were ranked as having
a low, moderate, or high sensitivity to the impacts of noise and distur-
bance (see Map E). These designations were based on existing data and

were made after evaluating the following criteria.

1. The sensitivity of each fish and wildlife species or habitat

to noise and disturbance.

2. Species sensitivity to noise and disturbance during the various

stages of their 1ife history.

3. The time of year that these critical 1ife history stages occur

and the period during which each species would be most affected.

4, The location of habitats where critical life history stages

occur.

5. The productivity of the habitat.

6. The uniqueness of the habitat.

7. The species' population numbers and relative importance of the

population.
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8. The degree to which the impacts of noise and disturbance could

be mitigated.

Specific considerations and assumptions that were made during the course

of ranking included:

1. Birds and mammals would be most affected by the adverse impacts
of noise and disturbance. Blasting would be the only distur-

bance which would affect fish popuTations.

2. Sensitive bird and mammal species would be most affected by
long-term noise and disturbance. Short-term or occasional
disturbances would be Tess disruptive and could be mitigated

by careful timing or siting of the activity.

3. Species most affecfed by the adverse impacts of noise and
disturbance would be those in which the disturbancé results in
direct mortality or abandonment of breeding grounds (nesting
birds) or those species which are confined to a discrete

habitat during a.critical life history stage (marine mammals

on haulouts).

4. Moderate sensitivity designations were applied to those areas
where it was felt that the adverse impacts of noise and dis-
turbance on a species or life stage could be mitigated or

prevented by careful siting or tjmfng of activities. Also
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included in this category were areas utilized by sensitive
species during a critical life history stage but which were
large enocugh to allow siting of activities away from nest

sites, etc. Salmon spawning streams, raptor nesting areas,
moose and grizzly bear concentrations along streams, and

marine mammal and seabird harvest areas are included in moderate

sensitivity designations.

5. Possible polar bear denning areas were ranked as being mod-
erafe]y sensifive becausévactual denning has not been verified.
The presence'of polar bears on St. Lawrence Island (site of
the possible denning) is not a yearly occurrence but is
dependent upon ice conditions. Areas habitually used by
denning polar bears would be ranked as highly sensitive to

noise and disturbance.

Sensitivity Designations and Mitigative Measures

LOW SENSITIVITY AREAS

The designation of low sensitivity was given to areas where impacts on
fish and wildlife from noise and disturbance would be less adverse than
in moderate or high sensitivity areas. Activities causing noise and
disturbance in Tow sensitivity areas should be conducted in compliance
with éxisting environmental regulations such as Federal noise level

standards and Federal Aviation Administration flight regulations.



a3

MODERATE SENSITIVITY AREAS

The designation of moderate sensitivity was given to areas where adverse

impacts from noise and disturbance could be prevented, minimized, or

ameliorated. Habitats included in the moderate sensitivity category

are:

Salmon streams

Waterfowl and shorebird spring concentration areas

Raptor nesting areas

Marine mammal feeding and migration areas inc1uding: ringed
seal important habitats and high density areas; belukha whale
and gray whale feeding areas; belukha whale, gray whale, and
bowhead whale migration areas; and walrus calving, migration,
and wintering areas; and, belukha whale calving areas

Polar bear denning sites (possible) and migration routes

Grizzly bear spring feeding areas and prime summer habitat

- Moose overwintering areas

Muskox overwintering and calving concentration area

Belukha whale, bowhead whale, waterfowl, seabird and seal
subsistence harvest -areas

The following mitigating measures should be employed when conducting

activities causing noise and disturbance in areas ranked as being mod-

erately sensitive to noise and disturbance.

General Mitigations

.'.

Facilities should be sited away from highly sensitive habitats

- (see Map B).
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Noise generating activities such as helicopter and boat
traffic, blasting or construction should be scheduled at times
and places when there will be minimal impacts on‘fish and
wildlife. Schedule activities in sensitive areas to non-

sensitive times (see Table 5 ).

Facility Siting

1.

Site facilities with high levels of visual and acoustical
disturbance away from biologically productive areas (sound

levels decrease with distance).

Facilities should be sited a minimum of one mile away from
critical habitats such as seabird colonies and peregrine

falcon nesting cliffs.

Site facilities where physical barriers such as irregular
terrain will prevent sound and visual impacts from occurring

over a wide area.

Provide vegetative buffer zones around facilities. Indigenous
vegetation should be left during the site clearing wherever

possible.

Use machinery that produces less noise, i.e. modify the
design of equipment to reduce noise; equip machinery with

parts such as mufflers that will reduce noise.



Conduct activities with high levels of acoustical and visual

disturbance during periods of least biological activity.

Helicopters and Fixed-Wing Aircraft

Helicopters and fixed wing aircraft should maintain a vertical
distance of at least 1,500 feet, and a horizontal distance of
one mile from sensitive areas during critical life history

stages (see Table 5 ).

Under no circumstances should flights over sensitive areas be
less than 500 feet. VFR flights over sensitive areas such as
seabird colonies, should be cancelled when ceilings below 500
feet have been reported by flight service stations or other

pilots. Wildlife observed while f]yfng at 500 feet should be

avoided by a one-quarter mile horizontal distance.

During all phases of oil_and gas development, aircraft,
especially helicopters, should follow fixed flight paths which

avoid sensitive areas during critical times.

If flights over sensitive habitats cannot be avoided during

critical periods, the number of aircraft flying over these

-areas should be minimized.

Rapid, linear flight over animals causes less disturbance than
circling. Under no circumstances should helicopters unnecessarily

hover or circle over animals.

85
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Boats

If flight over a bird nesting c1iff during the breeding season
becomes necessary due to weather or other unavoidable circumstances,
aircraft should approach the cliff as directly as possible.

An approach from behind the cliff may result in the suddén
appearance and sound of an aircraft directly above the nesting

site, causing panicked flight by the attending adults and

fatal damage to the eggs or young.

Helicopter and fixed-wing aircraft landing areas should be
located at a sufficient distance from sensitive areas so that
minimum altitudes can be attained before aircraft overfly any

sensitive areas.

Orientation classes should be conducted for all new pilots to
aquaint them with the long term effects of aircraft disturbance
on wildlife populations and Stdte laws relating to harassment

of wildlife.

In order to establish effective aircraft operation restrictions
in sensitive areas, specific studies need to be conducted on
of the effects aircraft disturbance on a variety of mammals

and birds found in the Norton Sound-Bering Sea region.

Boats engaged in oil and gas exploration, development, and
production should maintain a distance of at least one mile

from sensitive areas during critical periods (see Table 5 ).
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0i1 support activities (such as gravel supply barges, supply
boats, and tankers) should avoid all marine mammal concentrations

during critical periods.

Sirens or horns should not be used near bird colonies or

marine mammal haulouts.

Navigational aids such as foghorns, or flashing lights should
not be placed in or near seabird colonies or marine mammal

haulout areas.

Seismic Exploration

Seismic exploration should be conducted using only non-explosive

techniques which do not physically harm fish and wildlife.

[f a situation arises where non-explosive techniques cannot be
used, and underwater blasting is necessary to protect human

1ife, prevent environmental damage, or protect property,

blasting programs should be designed to reduce energy transmitted
to the surrounding waters. Techniques such as blast curtains,
small delayed charges, jetted charges, etc. will minimize

environmental damage from blasting.

To protect ringed seals and marine fish, under-ice pressures

from explosive detonations on ;he ice should not exceed 3 psi.
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Terrestrial blasting should be: 1) conducted during nonsensitive
periods; 2) limited in favor of mechanical methods wherever
possible and desirable; and 3) conducted with reduced charges,
timed delays or muffled in other ways to reduce noise transmission

to surrounding areas.

Where possible, there should be coordination of seismic programs
among operators to minimize duplication. Overlapping or
duplicate seismic programs by various companies can intensify

and prolong the disturbance in an area.

Onshore seismic activity should be conducted during the winter
months when overland travel causes the least damage to the

tundra. Winter is also the period of lowest biological sensitivity
for most wildlife species. Vehicular traffic should be restricted

to the immediate area of operations.

No seismic surveys should be conducted in the shorefast ice
zone after March 20. Ringed seals begin pupping and rearing
young after this date. Along the Beaufort Sea coast, ringed
seal abundance in areas where seismic exploration has occurred

is only one-half to one-third that of undisturbed areas.

In the shorefast ice zone, seismic shot lines should be spaced
at intervals of no less than two miles, or the areas of seismic

exploration should be as restricted as possible.
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Seismic surveys should maintain a minimum distance of one mile

from sensitive habitats during sensitive periods (see Map B).

Explosives should not be used within two miles of peregrine

falcon nests during the period of April 15 to August 31.

Explosives detonated near a fish bearing waterbody should be

detonated at a sufficient distance so that induced water

pressures within the waterbody do not exceed 2 psi. The

following table provides minimum stream setbacks for various

substrate types and charge sizes.

CIARGE WEIGHT - POUNDS .

Substrate 1 2 5 10 el 100 500 1000

Rock 583 | 15 118 RT3 1 269 529 1182 1N

Stiff Clay 42 60 95 C 18 M 423 ‘946 . 1337

Gravel 41 59 ; 93 n 207 4 927 1310
~-Clayey.Si1t 37 | s2 8 | N 184 368 | 823 1163

Dense -Sand ;

Medium Lo 32 | 48 2 102 162 324 724 1024

Dense Sand .

_A

Med fum 21 29 46 66 104 207 463 655

Organic Clay .

Soft Organtc 19 28 43 61 97 194 435 615

Clay .t

i334 - AQOWILYM OL FDNYLSIC
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These charge weights‘are for single detonations separated by
at least 8 milliseconds from the next charge (i.e. if 1000
pounds of charge are detonated in 10 detonations of.100 pounds

each, separated by at Teast 8 milliseconds, the distance for

100 pounds can be used as the minimum distance from the waterbody).

The State of Alaska prohibits the use of high.explosives for

seismic work in lakes, steams, and marine waters of the State.

Human Presence

. . Human visitation to sensitive habitats during critical times

should be restricted in order to maintain populations of

wildlife.

A1l human activities should be prohibited within one mile of

peregrine falcon nesting cliffs between April 1 and August 15.

Orientation classes for all employees, including management
and supervisory personnel, should be required so as to inform
personnel of the dangers, adverse biological consequences, and

legal ramifications of animal feeding.

A1l management personnel should be taught proper garbage

disposal methods in order to eliminate animal feeding.

Construction camps, garbage dumps and incinerators should be
fenced and buildings skirted in order to minimize human and

animal conflicts.
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6. All edible garbage must be thoroughly incinerated or buried to

prevent conflicts between humans and animals.

7. Regulations to minimize human and animal contacts must be
developed and enforced. An effective regulation and enforcement
program must be administered by personnel beyond the influence
of contractors or unions. Companies should have policies

which penalize violators.

8. Specific research on animal harrassment should be included as
part of the design criteria for any oil and gas development

plan wherever these activities will impact a sensitive area or

a new species.

In order to implement these guidelines, site specific studies will
have to be conducted on a case-by-case basis. In instances where
information is not available regarding the effects of noise and
disturbance on the various stages of animal life history, more

research will have to be done to determine the extent of the problem.

HIGH SENSITIVITY AREAS

The designation of high sensitivity was given to habitats where impacts -
from noise and disturbance would be extremely adverse to wildlife popu-
lations. While all phases of 0il and gas development will produce a

certain amount of noise and disturbance, activities and facilities which
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produce year round disturbance will have a greater adverse impact on

wildlife than those activities which occur only occasionally during the

year.

Habitats included in the high sensitivity category are:

Seabird colonies and concentrations of seabirds at the base of
colonies

Waterfowl and shorebird nesting, molting, and staging areas
including: major and important staging areas; waterfowl and
emperor dgeese molting areas; snow geese and emperor geese
staging areas; swan nesting/use areas; sandhill crane use
area; and important shorebird habitat

Peregrine falcon nesting/use areas

Marine mammal haulouts including: recurrent and occasional
walrus haulouts, spotted seal haulouts and feeding areas; and
sea lion haulouts

Moose winter concentration. areas

Grizzly bear denning areas

In order to maintain wildlife populations, oil and gas facilities or

other activities with a high level of disturbance which will continually

disrupt the environment, should not be sited in areas which are highly

sensitive to noise and disturbance.
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DRILLING MIDS AND CUTTINGS

Sources and Biological Effects

During the exploration and development phases of offshore oil and gas
extraction, exploratory wells are first drilled to determine if oil and
gas are.present. If hydrocarbons are discovered in commercial quantities,
platforms are erected and a number of development wells are drilled to
extract hydrocarbons .from an oil bearing formation. While drilling,
adverse environmental impacts may result from the discharge of driliing
muds and drill cuttings into marine waters. The extent of mud and
cuttings discharge will vary in direct proportion to the depth and
diameter of the hole being drilled. When drilling a very shallow well
the total volume of mud and cuttings may only be 2,000 barrels; however,
very deep wells may produce discharge volumes as high as 100,000 barrels

(Moseley, 1980).

Drilling Muds

Drilling muds are special mixtures of clay, water (or 0il) and chemicais
which are circulated into the drilling hole to cool and lubricate the
drill bit, to remove formation cuttings from the hole, and to prevent
blowouts by holding back formation pressures exerted by oil and gas
accumulations (McDermott & Co., undated). Throughout the dril]ing
process muds are recirculated after cuttings and other debris are removed.
Large volumes of mud are discharged into the marine environment usually

after surface casings of wells have been set, or as the wells are completed
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(Sheen Technical Subcommittee, 1976). In some cases, the muds are
stored for future drilling activities once drilling terminates (Clark

and Terrell, 1978).

Drilling fluids and their chemical components may at times be acutely
toxic to fish and marine invertebrates. (Daugherty, 1951; Falk and
Lawrénce, 1973; B.C. Research, 1975; Tornberg et al., 1980). The effects
of drilling muds on marine'species are related to: a) the composition

of the mud, b) the quantity and rate of mud discharged, ¢) the nature of
the receiving waters, and d) the biological sensitivity of species
present. It has additionally been reported that "used" muds (downhole
circulated) are more toxic to marine species than "fresh" muds (laboratory
aged), therefore, characteristics acquired by muds during the drilling
process may also be a determining factor in toxicity (Thompson and
Bright, 1980; McAuliffe and Palmer, 1976). Simple drilling muds without
additives can be classified as representing low to moderately toxic
compounds. Because of the relatively Tow toxicity of simple drilling
muds, most adverse effects will result from the discharge of muds into
shallow waters, water bodies with limited circulation or mixing, or
waters containing high concentrations of eggs, larvae, or sensitive
juvenile or adult organisms. Drilling muds which con}ain highly toxic
additives to deal with specific drilling p%ob]ems will bé toxic under
any circumstances, but the biological effects of these muds will be most
severe in marine or freshwater areas where 1itt1e dilution or mixing

occurs.

The most commonly used components of water-based muds are barite, caustic

soda, bentonite clays, and lignosulfonates. Of these, soda and lignosulfonates



are usually considered the most toxic (Dames and Moore, 1978). Ferrochrome
lignosulfonate, a heavy metal compound, may be freed by chemical reactions
when released into the marine environment, resulting in contamination of
surrounding waters and possible toxicity to aquatic organisms (Lawrence

& Scherer, 1974). Heavy metals are often essential or non-toxic to
organisms in low concentrations but become toxic in high concentrations.
Even if the concentration of a heavy metal in water is not immediately
lethal, it may accumulate in animal tissues until lethal levels are
reached (NERBC, 1976). Heavy metal contamination can affect living
organisms or ecosystems by 1) changing the species composition in the

area where the effluent is discharged, 2) disrupting the biological
systems of individual organisms, and 3) accumulating in members of the
food chain until the predators in higher trophic levels are affected

(APOA & Environment Canada, 1976). In drilling the Norton Sound COST
well, chrome lignosulfonate in concentrations of 18,000-24,000 fiuid

parts per million were present in the mud mixture used (USGS, 1981).

Although barite and bentonite are not considered toxic to plants and
animals they do contribute to the suspended solids content of a drilling
mud and are of concern because upon discharge they increase the turbidity
(cloudiness) of the surrounding water causing a slight decrease in the
production of phytoplankton and macrophytes. Possible effects of suspended
solids on organisms living in the marine environment include irritation

of sensitive membranes, suffocation, decreased resistance to disease,
behavorial changes, reduced rate of growth, increased oxygen demand, and

changes in the development of juvenile fish (Dames and Moore, 1978).
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Caustic soda is used primarily to reduce bacterial growth in drilling

mud by maintaining a high pH (Dames & Moore, 1978). Studies have shown
that caustic soda is lethal to various aquatic species in concentrations
of 70 to 450 ppm (Daugherty, 1950). Falk and Lawrence (1973) recorded

the LC50 for rainbow trout exposed. to caustic soda at 105 ppm. Muds

used in drilling the Norton Sound COST well contained caustic soda
concentratioh mixtures of 600-5,000 fluid. parts per million (USGS,

1981). In addition to barite, caﬁstic soda, bentonite clays and lignosulfonates,
drilling muds may contain other chemicals such as viscosifiers, emulsifiers,
completion chemicals, thinners, and preservatives (see Table 6). Most

of these chemicals are used.in drilling deep wells or in dealing with
special drilling problems. Although these special mud additives are
rarely used in large quantities, many of them are extremely toxic

(Table 7). Sodium pentachlorophenate (Dowicide G), a bactericide used

in drilling fluids, is lethal to fish at 0.06 ppm (McKee and Wolf,

1963). Trivalent chromium salts which are generally used concurrently
with XC polymers in drilling fluids are toxic to aquatic life at 0.3-1

ppm (Land, 1974). Hexavalent chromium, a major source of aquatic toxicity
in drilling fluids, can occur in concentrations of up to 450 ppm in mud,
and is harmful to aquatic bioTogical systems at concentrations of 0.1 to
0.4 ppm (Land, 1974). Several highly toxic compounds are also used for
lubrication and clearing in the drilling process, including Skot-Free,
B-Free, Swift Rig Wash, and Dominion Rig Wash. Their 96 hour LC50

values for rainbow trout were 52, 19, 22, and 14 ppm respectively (Logan'

et al., 1973).

Another potential adverse impact resulting from the discharge of driiling

muds occurs through an accumulation of muds on the bottom. Muds which



settle to the bottom can smother benthic (bottom-dwelling) organisms
which are incapable of moving out of a disturbed area (Dames & Moore,
1978). Mobile species might not be smothered, but still may be affected

by a destruction of habitat or loss of food material (APOA & Environment

‘Canada, 1976). Diesel oil or other chemicals added to muds to facilitate

the drilling of deep wells can adhere to mud particles and settle to the
bottom, thereby polluting the substrate. Filter feeding animals such as

clams can filter out 0il from sediments and concentrate it causing them

to develop an unpalatable oily taste. St. Amant (1957) reported that as

little as 500 ppm of o0il in mud can cause adverse reactions in oysters,
and'l'ppm»of 0oil in a running water system will be conéentrated by

oysters kept at that concentration for several weeks.

Much of the literature presently available, attembts to establish lethal
or acute toxic values rather than sub-lethal or .behavioral responses to
mud induced stress. Furthermore, studies have shown a -wide variability
regarding 96 hour LCS50 values for whole drilling muds, whole mud extracts,
and various mud components. This variability has made it difficult to
establish 96 hour LC50 guidelines (see Table 7). Much of the variability
can be attributed to experimental technique and.dissimi]ar drilling

fluid characteristics. Reported LC50 values for whole muds gehéra11y
fall in the range of 10,000 to greater then 100,000 ppm (BLM, unpub.

data a). In a study conducted by Dames and Moore (1978) using aduatic
species of fish and marine invertebrates common to Cook Inlet, pink
salmon fry were found to have the greatest susceptibility to drilling
fluids, with 96 hour LC50 values ranging from 3,000 to 29,000 ppm.

Tornberg et al. (1980), utilizing marine species from the Beaufort Sea
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Table 6

Common Drilling Fluid Components

Description

Barite
Ca]cium Carbonate

Bentonite
Sub-Bentonite

Attapulgite
Beneficiated Bentonite

Asbestos Fibers

Bacterially Produced
Large Organic Polymer

Sodium Tetraphosphate

Sodium Acid Phyrophosphate

Quebracho Compound
Causticized Quebracho

Hemlock Extract
Modified Tannin

Causticized Lignite

Calcium Lignosulfonate
Modified Lignosulfonate

Blended Lignosulfonate
Compound

Pregelatinized
Starch

Sodium Carboxymethyl
Cellulose

Sodium Carboxymethyl
Cellulose

Primary Application

Weighting Agents And Viscosifiers

For increasing mud weight up to 20 Tbs/gal.

For increasing weight of o1l muds up to
10.8 1bs/gal.

Viscosity and filtration control in water
base muds.

For use when larger particle size is de-
sired for viscosity and filtration control.

Viscosifier in salt water muds,

Quick viscosity in fresh water upper hole
muds with minimum chemical treatment.

Viscosifier for fresh or salt water muds.

Viscosifier and fluid loss control additive
for low solids muds.

Dispersants

Thinner for low pH fresh water muds.

For treating cement contamination.

Thinner for fresh water and lime muds.

1-2 ratio caustic-Quebracho for thinning
low pH fresh water muds.

Thinner for fresh water muds and in muds
containing salt (10,000 to 15,000 ppm).

Thinner for fresh and salt water muds
alkalized for pH control.

1-6 ratio caustic-lignite dispersant,
emulsifier and supplementary fluid
loss additive.

Thinner for SCR and lime muds.

Dispersant and fluid loss control additive
for water base muds.

Dispersant, fluid lToss agent and inhibitor
for RD-T111 mud systems.

Fluid Loss Reducers

Controls fluid loss in saturated salt
water, 1ime and SCR muds.

For fluid loss control and barite suspension
in water base muds.

For fluid loss control. and viscosity building
in Tow solids muds



Description

Sodium Carboxymethyl
Cellulose

Polyanionic Cellulosic
Polymer

Sodium Polyacrylate

Sodium polyacrylate

Extreme Pressure
Lubricants
Processed Hydrocarbons

0i1 Dispersible
Asphalts

0i1 Soluble
Surfactants

Detergent

Non-Ionic Emulsifier

Blend of Anionic

. Surfactants

An Organic Entity
Neutralized with
Amines

Blend of Fatty Acids
Sulfonates, Asphaltic
Materials

Aluminum Stearate

Sodium Alkyl Aryl
Sulfanate

Flocculating Agent

Paraformaldehyde

Sodium Pentachlorophenate

Fibrous Material
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Primary Application

Fluid Loss Reducers - Continued

For fluid loss control in gyp, sea water
and fresh water muds.

For fluid loss control and visosifier

. in salt muds.

For fluid loss control in calcium free

. low solids muds.

For fluid loss control in low solids muds.

Lubficants, detergents, emulsifiers

Used in water base muds to impart extreme
pressure lubricity.

Used in water base muds to lower down-
hole fluid loss and minimize heaving
shale.

Used in water base muds to aid in con-

. trolling heaving shale,

Used for spotting around differentially
stuck pipe.

Used in water base muds to aid in dropping
sand. Emulsifies oil, reduces torque
and minimizes bit balling.

" Emulsifier for surfactant muds.

Emulsifier for salt and fresh water muds.

Non-Polluting Lubricant for water base
muds.

Used for spotting around differentially
stuck pipe where weights in excess
10 ppg are required.

Defoamers, Flocculants, Bactericides

Defoamer for lignosulfonate muds.
Defoamer for saturated salt muds.

Used to drop drilled solids where clear
water is desirable for a drilling fluid.

Prevents starch from fermenting when
used in muds of less than saturation or
alkalinity less than 1 cc.

Bactericide used to prevent fermentat1on

Lost Circulation materials

Fillér as well as matting material.



Description

Fibrous Mineral
Wool
Walnut Shells-
Fine
Medium

Coarse

* Ground Mica-
Fine
Coarse
Cellophane
Combination of granules,
flakes and fibrous
materials of various
sizes in one sack.
Blended high fluid
loss soft plugging
material

Shale Control
Reagent
Bentonite Extender

Non-Ionic Surfactant

Filming - Amine

Sodium Chromate
Sodium Hydroxide
Sodium Carbonate
Sodium Bicarbonate
Barium Carbonate
Calcium Sulfate

Calcium Hydroxide

Primary Application

Lbst Circulation Materials - Continued

Often used in areas where acids are later
employed to destroy the material.

Most often used to prevent lost circulation.

Used in conjunction with fibers or flakes
to regain lost circulation.

Used where large crevices or fractures are
encountered.

Used for prevention of lost circulation.

Forms a good mat at face of well bore.

Used to regain lost circulation.

Used where large crevices or fractures
are encountered.

One sack mixture for preparing soft plugs
for severe lost circulation.

Specialty Products

Calcium chloride mud for inhibiting
the swelling of bentonitic shales.

Increases yield of bentonite to form
very low solids drilling fluid.

Primary surfactant for formulating
surfactant muds. May be used in hot
holes for viscosity stability.
Corrosion inhibitor.

Commercial Chemicals

Used in water base muds to prevent high
temperature gelation and as a corro-
sion inhibitor,

For pH control in water base muds.

- For treating out calcium sulfate in

Tow pH muds.
For treating out calcium sulfate or
cement in high pH muds.
For treating out calcium sulfate (pH
should be above 10 for best results).
Source of calcium for formulating
gyp muds.
Source of calcium for formulating
1ime muds.



Description

Sodium Chloride

Potassium Hydroxide
Chrome Alum
(chromic chloride)

Invert Emulsion
(Water in Diesel 0il1)
0i1 Base Mud
Gelatinous 0i1 Base
Fluid

Primary Emulsifier

Viscosity and Gel
Builder

Hi-Temperature
Stabilizer

Hi-Temperature
Stabilizer

Source: BLM, 1978
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Primary Application
Commercial Chemicals - Continued

For saturated salt muds and resistivity
control.

For pH stability and inhibition.

For use in cross-linking XC Polymer
systems.

0il1 Base and Invert Emulsion Muds
Protects sensitive producing formulations.

Basically same application as Ken-X.
For casing recovery, corrosion control
and protection of fresh water sands.

Emuisifiers for Invert Emulsions

Primary additives to form stable water-
in-0il emulsion.
Provides weight suspension.

Improves emulsion under high temperature
conditions.

Improves emulsion, weight suspension and
fluid loss under high temperature con-
ditions. '
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reported that fish were the most sensitive species tested, and that
invertebrates included both sensitive and relatively resistant species.
For invertebrates, 96 hour LC50 values ranged from 310,000 to greater
than 700,000 ppm for isopods, snails and polychaetes; 221,000 to 381,000
ppm for amphipods; and less than 60,000 to 215,000 ppm for mysids.
Ninety-six hour LC50 values for all fish tested (fourhorn sculpin, broad
whitefish, Arctic cod, saffron cod»and Arctic cisco) ranged between
40,000 and 400,000 ppm. The authors fufther suggesf some correlative
relationship exists between the type of driiling fluid used, the depth
of the well, and the measured acute toxicity. Hrudey (1979), evaluating
the acute toxicity of wastewater from exploratory drilling operations,
reported that surface hole and bottom hole muds are generally more toxic
than intermediate hole muds. The acute toxicity associated with surface

hole mud is apparently due to potash content. The bottom hole mud

toxicity is attributed to lignosulfonates and barites. In most instances -

dilution within the water column should significantly decrease the
toxicity of most drilling fluids except in areas very near their point
of discharge. Conversely, some components suéh as bactericides and.
heavy meta]s are extremely toxic to marine species, and may accumulate
in the water column or underlying sediments if sufficient current or

tidal mixing is not available to disperse them.

A number of field studies have attempted to quantify the extent of heavy
metal accumulation around active drilling rigs and assess the effects oh
benthic communities. In California, a study conducted by Ecomar Inc.

(1978) in the Tanner Bank offshore area reported pre-drilling background

Tevels of barium in sediment ranged from 8.7 to 156.0 mg/kg; chromium
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was recorded at less than 7.0 mg/kg; and lead concentrations ranged from
0.3 to 1.8 mg/kg. Post-drilling levels revealed barium levels ranging
between 173 and 1680 mg/kg; chromium from less than 0.5 to 6.11 mg/kg;
and lead varied from less than 0.7 to 9.9 mg/kg. A water sample taken
0.75 kilometers (.46 miles) from the discharge pipe contained over 10
times the background concentration of lead and chromium and over 5 times
as much barium during a fluid discharge rate of 754 bbl/hr. A sample
taken 2-3 meters (6.5 to 9.8 feet) from the pipe was about 500 times
higher in lead and barium, and the chromium concentration was 1000 times
background levels (Liss et al., 1980). Another study by Mobile 011 in

the East Flower Garden Bank found increases in barium (from 22 to 425

- ppm), iron (from 8.5 to 13,000 ppm), and lead (from 4.6 to 12.7).

Generally, increased metal concentrations are usually confined to within
200 to 500 meters (656 to 1640 feet) of a drilling site (BLM,. unpub.
data a).

The results of studies into the effects of driliing fluids on benthic
communities are contradictory and sometimes inconclusive. This variablility
is probably due to the unique physical parameters associated with each

drill site (oceanography, geology, etc.), the composition and volume of

mud discharged, and the type of species present. In some instances

drilling fluids may depress benthic species density or biomass values in

the near vicinity of a discharge (Crippen and Hood, 1980), or they may
influence the surrounding benthic composition by selectively enhancing

or degrading a particular species habitat {Menzie et al., 1980). 1In

most cases the discharge of drilling muds in deep, well mixed waters



will not present the problems that occur in shallow marine and freshwater
areas where toxic components may accumulate in the water column or
sediment. Mud discharges in areas of intermediate depth are likely to

be variable in their effect, and further research will be needed in

order to resolve questions concerning the extent of their toxicity under

such conditions.

Drill Cuttings

Drill cuttings, composed of bottom sediments and. pieces of pulverized
rock from underlying sedimentary geologic formations, are produced
during the course of drilling a well. These materials along with some
associated drilling muds are then discharged into surrounding waters.
Because of their coarseness most cuttings will rapidly settle out from
the discharged material and collect on the bottom near the point of
discharge. The extent to which they accumulate and form piles will
depend on current speed in the drilling area, although wave energy may
also be an important factor. In shallow marine waters where currents
are low (less than 0.25 knots) discharged cuttings have been reported to
accumulate as mounds approkimately 46 m (150 ft) in diameter (Zingula,
1976), and up to 6m (20 ft) in height (Carlisle et al., 1964). The
volume of cuttings discharged from a platform will depend upon the depth
of a well and the number of wells drilled. A shallow well will produce
less cuttings than a deep well, and a single exploratory well will
produce considerably less cuttings than a producing platform where as
many as 20-30 wells may be drilled during the life of a field. Using 2
million pounds of cuttings as an average per well, 40-60 million pounds

of cuttings may be discharged from a production platform. If sediment
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transport processes are weak these cuttings will be deposited in a small

area surrounding the discharge pipe, but if currents are strong the

cuttings may be thinly distributed over several square miles.

Clean drill cuttings are non-toxic and their primary effect on the
aquatic environment will be a smothering of non-mobile benthic organisms
such as clams, anemones and marine plants. When cuttings accumulate to
more than 5 centimeters (2 inches) in depth it is 1ikely that benthic

infauna {organisms 1iving within the bottom substrate) and less mobile

epifauna (organisms living on the surface of the bottom substrate) will

be severely affected (Dames & Moore, 1978). If a drilling platform
happened to be sited in a unique ecological location such as a larval
king crab settling area (which are usually limited in both size and
number, and presently remain unidentified in this region),‘and the

cuttings pile covered it, the negative effect could be significant.

Studies have further revealed that cutting piles may be colonized by a
variety of marine organisms such as fish and crabs which use the hard
substrate as a habitat (Menzie et al., 1980). If cuttings are deposited
on a sandy or silty bottom, the character of this newly formed benthic
community may differ from the already established, natural community
(Dames & Moore, 1978). Drill cuttings which are not adequately cleaned
before discharge may be contaminated with drilling muds and chemicals,
or with hydrocarbons from the producing formation. The toxicity of
these cuttings and their effect on the marine environment will generally
be the same as the contaminating compound, and their disposal should be

handled similarly.
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Tapble 9 Histopathoiogical examination of selected fish

surviving 96-hour exposure to driljling iuids.*

Drilling Fluid
Organisms Concentration Test Comments
(% by volume)

Fourhorn sculpins 0 108 Severe myositis was noted in the body wall of
‘ this fish. No other lesions were apparent.
Recognizable microorganisms were not seen in
association with the muscle inflammation.

Fourhorn sculpins 0 108 No visible lesions were present.

Fourhorn sculpins 25 108 No lesions were observed.

Fourhorn sculpins 25 ' 108 With the exception of intestinal parasites no
Tesions were noted.

Fourhorn sculpins 25 108 Focal enteritis was the only observed alteration.

Broad thtefish 0 108 The only lesions observed were the presence

of focal inflammation of the gills, the
accumulation of proteinaceous fluid in
Bowman's space of some glomeruli and in the
lumens of some renal collecting tubules.

Broad whitefish 0 109 Focal inflammation and the presence of an
aneurysm were seen in the gills. No other
lesions were noted.

Broad whitefish 0 109 The only lesion observed was the presence of
focal inflammation of the gills.

Broad whitefish 7.7 108 No lesions were noted.

Arctic cisco 0 113 Few hematopoietic cells were noted within the

renal parencyma, but the kidneys were other-
wise as expected. With the exception of mild
hepatic hyperemia no other lesions were
observed.

Arctic cisco 0 N3 Little hematopoietic tissue was present within
the renal parenchyma and multiple foci of
mineralization were noted. In addition some
glomeruli contained proteinaceous exudate
within Bowman's space monogenetic trematodes
were present in the gilis.

Arctic cisco 8 113 Very few hematopoietic cells were present
within the renal parenchyma and multiple foci
of mineralization were present. No other
lesions were noted.

Arctic cisco 12 113 The submitted tissues were normal except for
the kidney which contained focal accumulation
~ of proteinaceous fluid within Bowman's space
. of the glomerulus.

Arctic cisco 12 113 The intestinal mucosa was severly damaged and
focally absent, and numerous bacteria were no-
ted within the lumen of the intestine. Since
no inflammatory reaction was present these
changes appeared to be autolytic. Focal bran-
chial hyperplasia and clubbing of lamellae
tips were noted along with a leucocytic
infiltrate at the bases of some lamellae.
These changes may have been induced by the
monogentic trematodes parasitising the gilils.

Arctic cod 0 133 ) Numerous systematic degenerative changes were
noted which resembled post mortem autolysis.
In addition, the animal had severe, diffuse
fatty degeneration of the liver.

* From: Northern Technical Services, 1980.



Table 10 Relationships of the type of drilling fluid and
well depth to the acute toxicity of selected
marine organisms,*

96-hHour LCSQ

DRILLING FLUID WELL DEPTH (m) TEST ORGANISM VALUES ( % }
CMC/Gel 1803 Eleginus navaga 17.0 - 30.0
tMC/Gel 1807 A Mysis sp. 21.5
CMC/Gel 2780 Coregonus nasus >20.0
CMC/Gel 2786 Myoxocephalus quadricornis >12.0
XC-Polymer 2778 Coregonus nasus 33,0 - 37.0
XC-Polymer 3057 _ Boreogadus saida >25.0
XC-Polymer 3064 : Mysis sp. 16.1
XC-Polymer 3064 Myoxocephalus quadricornis 21.5
XC-Polymer 3318 Coregonus nasus 6.4
XC-Polymer 3319 Myvoxocephalus gquadricornis >20.0
XC-Polymer 3323 ' Coregonus nasus 10.0
XC-Polymer 3324 Mysis sp. 26.0 - 40.0
XC-Polymer 3646 Mysis sp. 5.0 - 10.0
XC=Polymer 3646 Myoxocephalus quadricornis 5.0 = 10.0
XC-Polymer 3786 - Onisimus sp., Boeckosimus sp. 38.1
XC-Polymer 3938 Onisimus sp., Boeckosimus sp. 28.0
XC-Polymer 4029 Onisimus sp., Boeckosimus sp. 27.8
XC-Polymer 4175 Om‘sim_us sp., Boeckosimus sp. 22.1 .-'24.'!
CMC/Gel/Resinex 2786 _Myoxocephalus guadricornis 5.0 - 6.0
CMC/Gel/Resinex 2786 Mysis sp. >6.0
CMC/Gel/Resinex 3466 :  Mysis sp. 7.3
CMC/Gel/Resinex 3466 Myoxocephalus quadricornis 5.0 - 7.0

*From: Northern Technical Services, 1980.
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Sensitivity of Areas and Recommended Mitigative Measures

Areas in the northern Bering Sea and Norton Sound were ranked as having

a low, moderate, or high sensitivity to the impacts of drilling muds and

cuttings discharge (see Map C). These designations were based on existing

data, and were made after evaluating the following criteria:

The sensitivity of each fish and wildlife species or habitat

to the effects of drilling muds and cuttings discharge.
The degree of sensitivity to drilling muds and cuttings discharge
exhibited by each species during the various stages of its

1ife history.

The time of year that these critical life history stages occur

and the period during which each species would be most affected.

The location of habitats where critical 1ife history stages

occur.

The productivity of the habitat.

The uniqueness of the habitat.

The species population numbers and relative importance of the

population.
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8. The physical characteristics of receiving waters.

9. The degree to which the impacts of drilling muds and cuttings

discharge can be mitigated.

Specific considerations and assumptions that were made during ranking

are as follows:

1.  Because toxic components of drilling muds can build up in
shallow water areas with 1ittle dilution or dispersion processes,
high sensitivity designations have been assigned to all nearshore

regions seaward to the 30 ft. bathymetric contour line.

2. Based on oceanographic data which suggests circulation is
sluggish ih eastern Norton Sound, moderate sensitivity designations
have been assigned to include all marine areas east of a line

stretching from Rocky Point to Stuart Island.

3. Productive habitats such as eelgrass and Fucus kelp beds,
wetlands, tideflats, and lagoons have been assigned a high
impact value based upon their discrete characteristics and
demonstrated importance to a variety of species. Additionally,
any mud and cuttings discharges in these areas would result in

a direct physical loss of habitat.

4. Although benthic species such as king crab, clams, starfish,

etc., could be affected by discharges of drilling muds and
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cuttings, they occur over such large areas that localized
disturbances resulting from such discharges are unlikely to
cause significant damage to either those species or their
associated habitat. Subsistence harvests of these species,

particularly king crab, remain vulnerable.

5. Based upon their respective vulnerability to toxicants, and
their nearshore habitat requirements, Pacific herring and
juvenile Pacific Salmon have been assigned a high vulnerability

rating to drilling muds and cuttings discharges.

Sensitivity Designations'and Mitigative Measures

LOW SENSITIVITY AREAS

The designation of low sensitivity applies to areas where the impacts of
drilling muds and cuttings discharge would be less adverse than in
moderate or high sensitivity areas. Low sensitivity areas include: 1)
marine areas with strong currents to adequately disperse and dilute muds
and cuttings; and/or 2) areas with low numbers of sensitive species or

habitats.

Drilling muds and cuttings may be discharged in Tow sensitivity areas in-

compliance with existing State and Federal water quality regulations.
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MODERATE SENSITIVITY AREAS

Areas of moderate sensitivity are defined as those areas where the

adverse impacts associated with the discharge of drilling muds and
cuttings can be prevented, minimized, or ameliorated. Species or habitats
which are present in these areas could be moderately affected by these

discharges. Areas included in this category are:

1. Areas of sluggish circulation

2. Shorefast ice zone

3. Area of first open water in spring

4, Herring nearshore feeding and rearing areas

5. Capelin spawning and possible épawning areas

6. Nearshore rearing areas forbjuvenile fish (other than salmon)

7. Salmon nearshore migration areas

8. Arctic char and sand lance concentrations

9. Waterfowl and shorebird nesting and molting areas including;
waterfowl major staging areas and important staging areas;
emperor geese moiting and staging areas; snow geese staging
areas; shorebird fall staging areas and important habitats

10.  Subsistence king crab harvest areas and subsistence freshwater
mussel areas

Drilling muds and cuttings discharges should be conducted according to
existing environmental regulations. Additional measures to mitigate the
impacts of drilling muds and cuttings on moderate sensitivity areas

include:

1. Wherever possible, drilling muds should be retained and used

for drilling other wells.
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Drilling muds should not be discharged into any nearshore area
seaward to the 30 ft. bathymetric contour line, or any body of

freshwater, including lakes, streams, or rivers.

If artificial islands are used to develop oil reserves in the
northern Bering Sea-Norton Sound region, clean drill cuttings
can be used . as a material source to supplement gravel in

island construction.

Drilling muds and clean drill cuttings should be discharged
near the ocean bottom rather than near the surface in order to
decrease the areal extent of outfall and to prevent stratification

of toxic components within the water column.

Mud discharge rates should not exceed a maximum of 50 bbl per
hour, in order to limit toxic concentrations of drilling muds

to a small area near the ogutfall.

Muds should not be discharged at low tide or sltack water when

tidal flushing and dilution is at a minimum.

Drilling muds should be diluted prior to discharge. The
minimum dilution factor should be 25 parts receiving water to

1 part drilling fluid.

Muds containing high levels (as determined by Environmental
Protection Agency or Department of Environmental Conservation

water quality requlations) of hydrocarbons, surfactants,

/



10.

11.

bactericides, detergents, trivalent chromium salts, carcinogenic
compounds and other toxic additives should not be discharged
into the aquatic environment. Instead, these muds should be
hauled ashore and disposed of at an approved upland site,

pumped down the well bore, or disposed of in some other environ-

mentally acceptable manner.

During winter drilling in the shorefast ice zone, drilling
muds should be dispersed on the ice surface rather than under
the ice in poorly mixed subsurface waters where toxic build up

may occur.

Clean drill cuttings may be.discharged without restriction,
except in areas Which are important for the rearing of juveni1e
marine species, such as larval king crab; or in areas where
such discharges will result in a direct physical loss of
productive habitat, such as Fucus kelp and eelgrass beds,
wetlands, tideflats, or estuaries. The presence or absence of
juvenile marine species and the relative productivity of an
area should be determined during benthic and engineering

surveys conducted prior to rig placement.

Heavy metal accumulations in sediment and animal tissues near
production platforms with multiple wells, should be monitored

to insure that no toxic build up occurs.

129
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HIGH SENSITIVITY AREAS

Areas of high sensitivity are defined as those habitats where the impacts

of drilling muds and cuttings discharge would be extremely adverse to

fish
area

this

High

and wildlife resources. Because of poor circulation, the nearshore
seaward to the 30 ft. bathymetric contour line would be included in
designation.

sensitivity areas include:

Nearshore areas seaward to the 30 ft. bathymetric contour
line

Eelgrass beds

Fucus kelp beds

Wetlands, tideflats and estuaries

Herring spawning, possible spawning, and wintering areas

Salmon streams and juvenile nearshore feeding and rearing
areas

Sheefish and whitefish streams
Subsistence clam harvest areas

Commercial and subsistence herring harvest areas

~.

Drilling muds should not be discharged into high sensitivity areas.

Drilling sites and mud disposal areas should be designed and located so

as to prevent drilling muds from being carried or leached into high

sensitivity areas. The discharge of clean drill cuttings may be approved

on a site specific basis.
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OIL POLLUTION

Sources and Biological Effects

Sources

One of the major issues concerning offshore 0il development is the
possibility of o0il pollution and the subsequent damage that may be
inflicted upon sensitive fish and wildlife populations and their associated
habitat. 0i1 pollution may occur under a variety of situations, and can

be classified as being either acute or chronic depending upon its rate

of introduction into the marine environment.

Acute oil pollution is that which results from a single infusion of oil
into surrounding waters, generally by accident (NAS, 1975). Spills of
this nature may occur during exploration and development drilling,
production, transportation of 0il, or oil processing. Acute oil pollution
may also ;esult from various supporf activities associated with offshore
0il development such as fuel storagevareas; refueling stations, pipelines
and support bases (see Tables 12 through 20). In Alaska, statistics
compiled for the 5.year period 1973-1977 show that the majority (55%) of
0i1 spills (greater than 1,000 gallons) occurred as a direct result of
transportation,'hand1ing, or storage of oil. Spills from production
activities were additionally responsible for approximately 3% of the

total volume spilled, while incidental spills (fishing vessels, aircraft,

natural sources, etc.) accounted for the remaining fraction (42%).
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TABLE 12
BUDGET OF PETROLEUM HYDROCARBONS INTRODUCED
INTO THE OCEANS (NAS, 1975)

Input Rate (million metric tons)

Source Best Estimate Probable Range Reference
Natural seeps 0.6 0.2-1.0 Wilson‘et al. (1973)
Offshore Production 0.08 0.08-0.15
Transportation -
Lot* Tankers 0.31 0.15-1.0
Non-Lot* Tankers 0.77 0.65-1.0
Dry docking 0.25 0.2-0.3
Terminal Operations 0.003 0.0015-0.005
Bilges Bunkering 0.5 0.4-0.7
Tanker Accidents 0.2 0.12-0.25
Non Tanker Accidents 0.1 0.02-0.15 i
Coastal Refineries 0.2 0.02-0.3 Brummage (1973)
Atmosphere - 0.6 0.4-0.8 | Feuerstein (1973)
Coastal Municipal 0.3 - ' Storrs (1973)
Wastes
Coastal Non Refining
Industrial Wastes 0.3 - Storrs (1973)
Urban Runoff 0.3 0.1-0.5 Storrs (1973),Hallhagen (1973)
River Runoff 1.6 - ! "
TOTAL 6.113

*Lot: Load on top.
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TABLE 13
1973 ALASKAN MARINE OIL SPILLS > 1,000 GALLONS

Material uantit Source Cause
iga]lons)
Light Diesel 196,182 Tankship 10,000-19,999 Hull rupture or
gross tons Teak :
Unidentified Heavy 0il 5,000 Onshore industrial plant Tank rupture or
' or processing facility Teak
Heavy Diesel 2,500 -Onshore industrial plant Intentional dis-
or processing facility charge _
Light Diesel 1,500 Onshore Non-transporta- Valve failure
tion-related facility
Light Diesel 8,000 . Miscellaneous Pipe rupture or
leak
Light Diesel 3,700 Other vessel Equipment failure
Light Diesel 7,980 Tugboat or towboat Tank rupture or
leak
Other 0il 4,200 Onshore fueling Intentional dis-
charge
Light Diesel 1,500 Fishing vessel Tank rupture or
leak
Light Diesel 6,500 Other vessel ~ Structural failure
Light Diesel 4,500 Tank barge 1,000-9,999 Tank rupture or
: gross tons Teak -
Light Diesel 22,500 Miscellaneous Pipe rupture or
leak
Natural Occurrence 9,200 Natural source Natural phenomenon
Light Diesel 3,800 Miscellaneous Tank overflow
Total 277,062 gallons

AlT 1

Sourc

From:

Largest single oil spill: - 196,182 gallons
Average quantity spilled: 19,790 gallons ‘
Average quantity spilled excluding largest spill: 6,222 gallons

973 Alaskan Marine Qi1 Spills (all quantities):
Number: 133 ’
Total quantity: 281,506 gallons .

Average quantity per spill: 2,117 gallons
Number of fishing vessel oil spills: 36
Average quantity per fishing vessel oil spill: 51 gallons

e: United States Coast Guard Pollution Incident Reporting System data.

Terry et al., 1980. Alaska 0CS Socioeconomic Studies Program-
Technical Report #51.
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Material

Light Diesel

Heavy Diesel
Light Diesel
Jet Fuel

Light Diesel

“Light Diesel

Gasoline

Total

Largest single oil spill:
Average quantity spilled:

TABLE 15
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1975 ALASKAN MARINE OIL SPILLS > 1,000 GALLONS

Quantity
1,100

5,000
1,000
1,500

2,000
65,000

300,000

375,600 gallons

Source

Highway vehicle liquid
bulk carrier

Fishinc vessel
Miscellaneous

Onshore bulk storage
facility

Highway vehicle liquid

bulk carrier

Onshore pipeline

Onshore fueling .

300,000 galions
53,657 gallons

.. Cause

Natural or chronic
phenomenon

Hull rupture or leak
Unknown causes

Equipment failure
Personnel error
Pipeline rupture or
Teak

Tank rupture or leak

Average quantity spilled excluding largest spill: 12,600 gallons

A11 1975 Alaskan Marine 0il Spills (all quantities):

Number: 136
Total quantity:
Average quantity per spill:

380,275 gals.

2,796 gals.

Number of fishing vessel oil spills: 30

Average quantity per fishing vessel oil spill:

201 gals.

Source: United States Coast Guard Pollution Incident Reporting System data.

From: .Terry et al., 1980.

Technical Report #51.

Alaska 0CS Socioeconomic Studies Program-
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TABLE 17

1977 ALASKAN MARINE OIL SPILLS > 1,000 GALLONS

Material Quantity Source ‘ .. Cause
Jet Fuel 10,192 Onshore bulk storage Pipe rupture or leak
Light Diesel 72,280 Fishing vessel Hull rupture or leak
Light Diesel 1,000 Fishing vessel Hull rupture or leak
Heavy Diesel 8,000 Fishing vessel Hull rupture or leak
Light Diesel 1,000 Onshore bulk cargo Personnel error
transfer '
Light Diesel 10,000 Onshore industrial
plant or processing
facility Highway accident
Light Diesel 8,000 - Fishing vessel Hull rupture or leak
Light Diesel 2,600 Onshore non-trans- |
portation-related
facility Tank overflow
Unidentified 1ight oil 1,600 Onshore bulk storage Pipe rupture or
facility leak

Total 114,672

Largest single oil spil

1: 72,280 gals.

Average quantity spilled: 12,741 gals.

Average quantity spilled excluding largest spill: 5,299 gals.

A11 1977 Alaskan Marine 01l
Number: 229

Spills (all quantities):

Total quantity: 123,633 gals.
Average quantity per spill: 540 gals.
. Number of fishing vessel oil spills: 56
Average quantity per fishing vessel spill: 1,600 gals.

Source: United States Coast Guard Pollution Incident Reporting System data.

From: Terry et al., 1980.
Technical Report #51.

Alaska 0CS Socioeconomic Studies Program-
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TABLE 18

NUMBER OF ALASKA MARINE OIL SPILLS > 1,000 GALLONS,
: BY MATERIAL SPILLED 1973-1977

Number of Incidents

1973 1974 1975 1976 1977

Material Spilled
Light Crude 0il 1 1
Gasoline 1 1 1
Jet Fuel 1 1 2 1
Light Diesel Fuel 10 12 4 5 6
Heavy Diesel Fuel 1 1 1 1
Mixture of Two or More
Petroleum Products 1
Unidentified Light 01l , 1
Unidentified Heavy 0il 1
Other 011 1
Natural Occurrence : 1

Total 14 15 7 1 9

Source: United States Coast Guard Pollution Incident Reporting System data.

From: Terry et al., 1980. Alaska 0CS Socioeconomic Studies Program-
Technical Report #51.
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NUMBER OF ALASKAN MARINE OIL SPILLS > 1,000 GALLONS,
BY CAUSE 1973-1977

1973 1974 1975 1976 1977
Cause of 0il Spill
~ Structural Failure or Loss
Hull Rupture or Leak 1 1 1 1 4
Tank Rupture or Leak 4 2 1 2
Transportation Pipeline
Rupture or Leak 1 1
Other Structural Failure 1 1
Equipment Failure
Pipe Rupture or Leak -2 3 1 | 2
Hose Rupture or Leak 1
Valve Failure 1 1
Other Equipment Failure 1 1 1 1
Personnel Error (Unintentional
Discharge) : 7
Tank Overflow : 1 1 1
Improper Equipment Handling
or Operation 1 2
Other Personnel Error
Intentional Discharge 2
Other Transportation Casualty
Railroad Accident 1
Highway Accident 7 1 1
Aircraft Accident 1
Natural or Chronic Phenomenon 1 1 1
Unknown Causes 1 1
-Total 14 - 15 7 N 9

Source: United States Coast Guard Pollution Incident Reporting System data.

From: Terry et al., 1980. Alaska OCS Socioeconomic Studies Program-
Technical Report #51.
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TABLE 20

NUMBER OF ALASKAN MARINE OIL SPILLS > 1,000 GALLONS
8Y SQURCE OF SPILL 1973-1977

1973 1974 1975 1976 1977

Source of 011 spill

Other Vessel 2 1

Tankship 10,000-19,999
gross tons 1 1

Tank Barge 1,000-9,999
gross tons 1

Tugboat or Towboat 1 1

Fishing Vessel 1 1 1 4
Onshore Bulk Cargo Transfer 1 1
Onshore Fueling 1 1 1

Offshore Bulk Cargo Transfer 1

Rail Vehicle Liquid Bulk ' 1

Highway Vehicle Liquid Bulk 1 2 1

Aircraft , 1

Other Land Transportation .
Facility 2

Railway Fueling Facility ' 1
Onshore Pipeline 1

Other Onshore Non-Trans- )
portation-Related Facility 1 3 1 1

Onshore Bulk Storage
Facility 1 2 2

Onshore Industrial Plant or
Processing Facility 2 ~. ]

Onshore 0il or Gas Pro-
duction Facility 1

Qffshore Production
Facility 1

Miscellaneous - or ;
Natural Source 4 Ky 1

Unknown Type of Source 1

Total 14 15 11 9

~1

Sourca: United States Coast Guard Pollution Incident Reporting System data.

From: Terry et al., 1980. Alaska OCS Socioeccnomic Studies Program-
Technical Report #51.



Typically, the largest and potentially most damaging forms of acute oil
spillage occur as a consequence of tanker accidents or 0il well blowouts.
Massive spills associated with the break-up of such supertankers as the

Torrey Canyon and Amoco Cadiz, and blowouts such as the Santa Barbara

spill or, more recently, the Ixtoc I well in the Gulf of Mexico, have

the capacity to foul mi]gs of coastline, inflict millions of dollars of
damage, and produce extensive mortalities in marine and avian populations.
Efforts to contain or control the flow of 0il once accidents of this

type occ&r are usually ineffectual, or may occur too late to prevent
significant quantities of of] from escaping. The runaway Ixtoc I well
which flowed out of control for 295 days and released an estimated 140
million gallons of 0il into the marine environment is a case in point.

A variety of measures were applied in an attempt to cap the well, but
ultimately two relief wells had to be drilled befdre the flow of oil

could be stemmed.

United States Geological Survey statistics as compiled by banenberger
(1980) show that 46 blowouts have occurred on the Outer Continental

Shelf of the United States between 1971 and 1978. Thirty of the blowouts
occurred during drilling operatidns, while the remaining 16 occurred
durjng completion, production, and workover operations. Of the 46

blowouts recorded, only three resulted in significant quantities of oil

(less than 1,000 barrels in combination) escaping into the marine environment.

During the 8-year study period, 7,553 new wells were started and, on the

average, one blowout occurred for every 250 wells drilled.
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Chronic 0il pollution is the discharge of hydrocarbons either continuously
or sufficiently often such that aquatic biota does not have time to
recover. Annually, chronic sources add more o0il to the marine environment
than do acute spills. In many cases the environment is often resilient

or responsive enough to return to a stable state following a catastrophic
aevent such as an acute oil spill, but a slow and steady degradation of

the environment as is the case with chronic oil pollution, may present a
more serious alteration (Dey and Damkaer, 1977; Michael, 1977; Armstrong
et al., 1979). Sources of chronic hydrocarbon pollution may include
discharge from platform deck drains, éff]uent (formation water) discharge

from oil-water separators on production platforms, effluent from refinery

and petrochemical plants, and discharge from vessels, tankers and ballast

water treatment facilities.

Fates of 0il1 in Marine Environments

0i1 may enter the marine environment through a variety of sources and in

a variety of forms, therefore it is important to understand the processes

that are involved in its ultimate distribution, physical configuration,
and chemical constituency. Studies reveal that the effects of marine

0il spills on marine ecosystems are directly related to the following

factors: 1) type of oil spifTed, 2) amount of o0il spilled, 3) physiography

of the spill area, 4) weather conditions at the time, 5) biota in the
area, 6) season of the year, 7) previous exposure of the area to oil, 8)
exposure to other pollutants, and 9) method of treatment of the spill
(Clark and Terrel, 1978). The various permutations that may be derived

from these nine parameters make each o0il spill unique. However, most
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0i1 spills also exhibit uniform characteristics of behavior which arise
as a result of their discharge into a marine environment. The following
discussion on fates of 0il in the marine environment is primarily taken
from the Food and Agr{culture Organization of the United Nations (FAO)
report titied "Impact of Qi1 On the Marine Environment"; and is co-
authored by an international group of expert organizations studying the

scientific aspects of marine pollution (GESAMP, 1977).

Spreading - Typically, the first process to influence the fate and

eventual impact of a spill is that of extension, or spreading of the oil
product over the marine surface in the form of a thinning film. Gravitational
effects initially control the rate of spreading, but as time increases

and the 0il layer thins, slick size becomes controlled by a surface

tension-viscosity relationship which is independent of the spill volume.

- The area occupied by the slick will incréase rapidly under the influence

of both hydrostatic and surface forces until further enlargement is
limited and offset by natﬁra] forces. It appears that even viscous
crude oils will react in a similar manner, spreading rapidly into thin
Tayers which then come under the inf1uence of surface effects. Once a
spill has thinned and surface forces begin to play an important role,
the oil film is no longer continuous and uniform but rather becomes

fragmented by wind and waves into patches and windrows.

Evaporation - Evaporation is the process by which low to medium molecular
weight components with relatively low boiling points are volatized into

the atmosphere. This process may occur up to several months after a
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spill, but generally is most intense during the first few hours to

weeks. Riisgard (1979) estimated that as much as 50% ofva 1ight crude
0il1 could evaporate within the first week following a spill. Evaporation
can be an important means of preventing toxic components from initially
entering a marine ecosystem, although some higher weight aromatics,

which are thought to be involved in long-term toxicity, are ]éss volatile
and are practically unaffected by evaporation over long periods of time.
Evaporation therefore selectively depletes the lower boiling components
of the 0il, increasing the specific gravity as the oil loses its volatile
fraction. As specific gravity increases, the residual oil may become
denser than sea water, increasing the possibility of sinking. This
process then can contribute to the formation of thick residuals, oil
sludges, and eventually, the possible formation of tar balls or tar

mats.

Solution - Solution is the physical process by which low molecular

weight hydrocarbons are lost by the oil to the water. The rate of this

process is governed by wind, sea state, and the properties of the petroleum

material itself (chemical composition, specific gravity, viscosity, pour
point, surface tension etc.). Since the soluble fraction of most
petro]egm products consists mainly of medium weight aromatics, and this
fraction.contains the compounds known to be the most toxic, persistence
of the soluble fraction is an important aspect to consider in determining
the relative harmful effects of a petroleum product. Frankenfield

(1973) investigated the weathering of No. 2 fuel o0il, Bunker C residual
0il, and Venezuelan crude 0il under simulated natural conditions and

found that after a weeks weathering, the dissolved fraction of the No. 2



fuel 011 was approximately 3.5 times that found for the heavier oils.

This contradicts the idea that light oils disappear almost entirely due
to evaporation shortly after being introduced into the marine environment.
The above evidence indicates that lighter oils more readily pass into
solution within the water column than heavy oils, and that 1ight oils

may persist in the water column whereas heavy o0ils form surface slicks.

Emulsification - Rough seas tend to create emulsions of o0il and water.

This process may take twd forms: 0il-in water emulsions, where the sea
is thé'continuous phase, or water-in-oil emuisions, where the stab]é
floating emulsion contains about 30 to 80 percent water. Water-in-oil
emulsions have been found to be stable for periods exceeding 100 days,
and are thought to be the product of accumulated non-vo1ati1é residues,
particularly asphaltenes, in crude oils. The formation of water-in-oil
emulsions generally requires violent agitation at the air/sea interface

and relatively thick oil films.

0il-in-water emulsions may form as a result of stresses at the sea
surface forcing oil into the water as small drops. This may occur
naturally or through the use of dispersants. Emulsification of crude
0oil may also be promotéd by surface-active materials produced during

degradation of the oil by certain micro-organisms.

Sedimentation - The process of oil adsorbing to sediment particles is of

particular relevance in the Norton Sound-Bering Strait region where
immense sediment discharges from the Yukon River occur annually. 011
suspended in the water column could adhere to suspended sediment particles

causing them to settle to the ocean bottom and eventually become trapped



beneath successive layers of sediment. Very 1ittle oxidation would

occur once hydrocarbons were buried in reducing éediments. With extremely
cold marine sediments, the rate of degradation may be even slower than
that which usually occurs (Percy and Mullin, 1975). The mechanisms by
which sedimented o0il may be resuspended and spread over wide areas, long
after the original spill, are not well understood. However, various
resedimentation and suspénsion processes which can occur include:

current movement, storm surges, resuspension by pressure waves, or

resuspension by organic reworking of surface sediments.

Chemical degradation - The nature of the chemical degradation process is

not precisely known, but would appear to be largely the result of the
photo-oxidation of hydrocarbons, with the result that oxidized compounds
are more soluble in water than the original compounds. Perhaps the most

notable effect is an increase in resin and asphaltene content.

Microbial degradation - As the residence time of 0il on water increases,

biological processes begin to operate and rapidly gain in significance.
Over 90 species of micro-organisms (bacteria and fungi) capable of
subsisting on petroleum, and therefore capable of degrading it by biological
oxidation, have been identified. The extent of such degradation in the

sea ‘is dependeht upon water temperatqre, and the presence of certain
volatile fractions (naphtha and kerosene) in the spill, some components

of which are bacteriocidal or bacteriostatic. When these fractiﬁns are
removed the residues bepome more biodegradable than the crudes from

which they originate. Atlas et al. (1980), studying microbial populations



in arctic marine sediments found that biodegradation commenced only
after several months exposure, and that there seemed to be a preference

for straight chain alkanes over branched chain alkanes.

0i1 and Ice Interactions

The preceding section described the various characteristics and eventual

fate of oil released into a marine environment. The properties mentioned
are typical in the sense that they are the most predictable aspects of a

marine oil spill, and may occur to varying degrees regardless of the ofl

type involved. It should be realized, however, that these aspects of

oil spill behavior are applicable only under circumstances in which ice

is not present. When 0il is introduced into a marine system containing

ice, the 0il can be expected to behave in a markedly different manner.

Ih the Norton Sound-Bering Strait region ice is normally present seven

months of each year. Because of this, 0il drilling operations must

contend with the variable hazards associated with drilling in an environment

where an inordinate degree of stress may be placed on fixed surface
structures. The presence of moving ice will increase both the danger of
an oil spill and the difficulty invoived in cleaning it up. Should an
accident occur during winter operations, 011 behavior under ice will be
significantly influenced by the type of ice with which it comes in

contact.

Stringer and Weller (1980) have proposed a scale of behavior involving

0il interactions within a variety of ice types. Their study defines

149
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oil/ice interactions as occurring on a micro-scale, where oil becomes
incorporated within individual crystals of growing ice, up through the
development of pancake ice; a meso-scale where characteristics of pack

ice floe movement and ice ridging are the deminant influencing factors

" determining.0il behavior; and a large scale where o0il transport over

great distances could occur.

Initially, when 0il is introduced into an area where wind or wave action
generates ice, mixing occurs with a slurry of small ice crystals and
seawater, termed grease ice. The most important property of grease ice,
as it relates to possible oil entrainment is the existence of a dead
zone, or area of transition between ligquid and solid behavior (Martin,
1980). Laboratory experiments indicate that most df the 0il introduced
into a grease ice system would end up on the ice surface beyond the dead
zone, with some oil droplets circulating in the grease-ice ahead of the
dead zone (Martin, et al., 1978). In this manner oil might become
directly incorporated within new growing ice as it forms. Further field
observations also confirm that if 0il were spilled in the various polynya
zones of a freezing ice front, some of the oil would accﬁmu]éte on the
grease ice surface, some would accumulate in the local dead zones, and a
smaller fraction would be emulsified into oil droplets by wave breaking.
These droplets might then circulate around within both the grease ice
and the ocean circulation at the ice front (Martin, 1980; Stringer and

Weller, 1980).

As grease ice freezes further it develops into flat “pancake ice".

Experiments with Prudhoe Bay crude oil have shown that approximately 25%
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of the 0il released beneath pancake ice can be pumped to the ice surface
by the oscillating motion of the ice itself. The rest of the oil may be
bound up as small droplets in grease ice under the pancakes (Martin,

1980).

A third type of micro-scale oil/ice interacfion occurs when oil is

released under stable, stationary first-year ice, as is typical of the
shorefast ice zone that encircles the perimeter of Norton Sound. Various
studies (NORCOR, 1975; Rosnegger, 1975; Hoult et al., 1975; Uzuner et |
a].; 1979; Martin, 1979) have concerned themselves with the circumstances
surrounding such an occurrence, and the processes involved are relatively
well understood. The disposition of oil under solid 1te cover is controlled
brimari]y by three factors; the nature of the discharge, the condition

of the ice, and the phyéical varfab]es aésociated with the dischafge of

oil. 0il may be discharged beheath ice through the rupture of an underwater
pipeline, an o0il well blowout, natural oil seepage, or 0il leakage from

a ruptured vessel (Uzuner et al., 1979). In the case of a blowout, well
head temperature, pressure, the quantity of gas and oil, water depth,

and currents wi]ilall influence the plume and ultimately the disposition

of the oil (NORCOR, 1975). Martin (1980), after conducting experiments

in the Canadian Beaufort Sea, found that oil interactions beneath first
year ice may be separated into three periods of characteristic behavior:

1.) November - February - When 0il is first released under smooth

first-year ice it collects in natural undulations beneath the ice,
which are caused by snowdriff - induced insulation. Thesé undulations
haQe an amplitude of order 0.1 m and a length scale of order 10 m.
Some 0il also flows a short distanée up into the ice through brine

drainage channels.



2.) March - May - In the spring as the ice warms, top-to-bottom
brine channels open up in the ice and the 0il rises through these
channéis to the surface where it spreads laterally, both under the
snow and wifhin the first few porous centimeters of the ice surface.
The 011 on the surface then absorbs solar radiation through the
snow, causing the snow above the 0il to melt.

3). June - August - In the early part of the summer 